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House or RepresENTATIVES, 
CoMMITTEE ON SCIENCE AND ASTRONAUTICS, 
Washington, D.C., Monday, March 16, 1959. 

The committee met at 10 a.m., in room B-214, New House Office 
Building, Hon. Overton Brooks, chairman, presiding. 

The Cuamman. The meeting will please come to order. 

This morning, members of the committee, we have five witnesses. 
The first of our witnesses is the Honorable Dan A. Kimball, former 
Secretary of the Navy, now president of Aerojet-General Corp., 
Azusa, Calif., and Washington, Bc. 

Secretary Kimball has a statement which, as I understand, will take 
about 15 minutes. 

Then we have these witnesses who have come from all over the 
country—California, Pennsylvania, Alabama, and New Jersey, and 
of course they are anxious to complete their testimony and get back 
to their work. 

Therefore, my thought is this morning that we could hear Mr, Kim- 
ball to start with and then finish our questions with him reasonably 
early. We can then get through most of the other witnesses. 

Today we have a bill on the Consent Calendar, so we will have to 
adjourn promptly at noon in order to get over there in time to 
this bill through. We need everybody on the floor for that. 

So, first, the Honorable Dan A. Kimball. Mr. Kimball, if you will 
come up, sir. We are et thee have you this morning and know the 
great record you made for the U.S. Government when you were Sec- 
retary. My dealings with you were always most pleasant. 

Mr. Kimpauy. Thank you, Mr. Chairman. 

The Cuamman. We are happy to have you back with us again. 


STATEMENT OF DAN A. KIMBALL, PRESIDENT, AEROJET-GENERAL 
CORP., ACCOMPANIED BY ROBERT B. YOUNG, VICE PRESIDENT, 
AND DR. JAMES M. CARTER 


Mr. Krupaw. I appreciate the chance to be heard before your com- 
mittee this morning. I have with me Mr. Robert Young who is the 
vice president in charge of our liquid rocket plant in Sacramento and 
Dr. Carter of our research staff who will answer any questions I can’t 
answer. 

The Cuarrman. If you want to call them forward, sir, it will be 
all right. 

Mr. Kimpaty. Talking about propulsion systems for space, pro- 
ei has always been one of man’s basic interests—from earliest 

istory he has wanted to get from one place to another, and usually 
to get back. All propulsion up to the present, however, has been in 
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a way tied to the earth, whether a man was sailing the seas, walking 
or piloting a supersonic plane. 

The job of getting away from the earth is a much more compli- 
cated one, especially if a return is also wanted. In the first place it 
means reliance entirely on jet and rocket propulsion —there is nothing 
to push —. Modern interest in these propulsion systems has 
revived only in the last 20 years or so, although crude rocket systems 
have been known for 2,000 years. 

This modern revival of rocket propulsion has been accelerati 
steadily, and now includes not only the conventional (chemical) rock- 
et propulsion systems, but applications involving nuclear power, and 
electrically charged particles. The evolution of these propulsion sys- 
tems and their application to the problems of space travel is one of the 
most exciting features of contemporary history. 

The fact that we can recognize many of the problems of space flight, 
and can plan development programs well into the future with a great 
degree oF assurance, is due to the support which the military has fur- 
nished the rocket industry during the past 10 years. 

Demonstrated military needs for jet and rocket planes and for bal- 
listic missiles, with their extreme requirements for new propulsion 
systems with accompanying guidance and communication capabilities 
led to the evolution of a great body of know-how and of production 
capability in American industry. Without the results and knowledge 
generated by this military support, the task of achieving space travel 
would be almost impossible. 

Aerojet-General Corp. is engaged in an across-the-board program 
on all types of propulsion systems, and I want to tell you what we 
think the problems are, and what should be done to overcome them. 

First, I want to point out, as a basis for later remarks, that there 
are two fairly distinct aspects to space travel. The earth has a gravi- 
tational field and an atmosphere. The first step in getting into space 
is to get outside the atmosphere, and to neutralize gravitation. At 100 
miles we are practically out of the atmosphere, and a horizontal speed 
of about 5 miles a second will counterbalance the earth’s gravity. 
Once a vehicle has reached this state, which amounts to being in orbit, 
it is possible to go beyond, and consider actual space travel. 

The importance of distinction between reaching orbital conditions 
and going beyond them lies in the great difference in propulsion re- 
quirements. To overcome earth’s gravity, a large specific thrust 
(thrust-weight ratio) is required. At present, the only means we have 
for doing this is by chemical (solid or liquid) rockets. (‘There is some 
possibility that nuclear rockets can be developed for this purpose, if 
the problems of heat transfer, shielding, and extremely high tempera- 
tures can besolved.) This means that improvement in solid and liquid 
chemical rockets will be required over many years, to increase perform- 
ance and reliability and to decrease costs. 

Once a vehicle has reached orbital conditions, propulsion require- 
ments to send it beyond, to the moon, to other B erm or to travel 
through space, are much less stringent, since the requirement for high 
specific thrust is removed. It is a characteristic of the advanced elec- 
trical propulsion systems that while their performance (specific im- 
pulse) is high, their specific thrusts are low, because of the weight of 
the powerplant required. While chemical and possibly nuclear rock- 
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ets can have a specific thrust well above 1, electrical propulsion sys- 
tems have specific thrusts ranging from one one-hundredth to one- 
millionth. 

In listing specific problems for the next 10 years or so, I will begin 
with the more conventional pooper systems and then go on to the 
exotic ones. There is actually little essential difference between solid 
and liquid rocket systems in that they both employ the same type of 
combustible propellants and function in the same way. 

The propellants burn, are converted to gas, and are accelerated 
through a nozzle to produce thrust. It is obvious they will both be 
used for the foreseeable future to escape from the earth, and also for 
any rapid changes in direction or velocity in space. 

ossibly the major problem with both is development of larger 
sizes. We now have engines in the 200,000-pound thrust class. The 
Russians apparently have somewhat larger ones, We are developing 
engines in the million-pound class, and we can at least think of engines 
with a thrust of 5-10 million pounds as being required to put a space 
station, or components for a space station, in orbit. There is obviously 
a practical upper limit to the size of propulsion systems. We need 
to find out what it is. 

As you doubtless know, all of our satellites and other space vehi; 
cles comprise a number of stages of successively smaller size.. Again 
in this case, the largest and most expensive is the first or boost stage 
to get the vehicle started. , 

n terms of size, weight, cost, and criticality, it exceeds all the other 
stages put together. We have made a number of studies at Aerojet, 
which indicate that our most pressing problem is that of reducing the 
weight, complexity, and cost of large first-stage or booster engines, 

The problems for solid and for liquids are sufficiently distinct with 
respect to the above that they are considered separately. We now have 
solid rocket engines with a thrust of 200,000 pounds, using propellants 
with a specific impulse of 250 seconds. Increase in size to the order 
of a million pounds involves structural problems in the propellant 
itself, as well as problems with the pressure case. i 

Improvement in performance which will come will involve the 
combined efforts of the chemical industry to provide new fuels and 
oxidizers, of the propellant manufacturers to develop means of pre- 
paring usable propellants, and of the engine fabricators to develop 
means of resisting high tempartures, corrosion, and operating loads. 

In the liquid field, we have at present propellants of as high per- 
formance as it is likely we shall ever obtain. These have been tested 
on a small scale, but require further development to render them 
operational on a large scale. 

A more important problem is that of improving reliability and 
decreasing cost. In talking of a vehicle of 1 million pounds takeoff 
weight we must consider that this will represent about 500,000 pounds 
of propellant in the first stage and about 50,000 pounds of hardware 
(engine, pumps, valves, piping, structure, and tanks). ba) 

Liquid propellants are cheaper than solid propellants, but hard- 
ware, even after development, is much more expensive, and with pres- 
ent designs, it does not appear hardware costs can be greatly reduced, 
There are three methods of cutting these costs, all of which are being. 
actively investigated at Aerojet. 
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The.first is to decrease the hardware weight. If we could cut the 
-hardware.weight by a factor of 2 in the example above, we could save 
a great deal of money a shot. The second is to adopt some simpler 
and less sophisticated designs for first-stage engines which could 
make it ible to go to “regular production” methods of manufac- 
ture, and cut hardware costs by a factor of three, without any great 
increase in weight. 

This, again, would save about the same money per shot. The third 
method is to develop a recoverable first stage which could be used a 
number of times over. While such a recoverable stage might cost half 
again as much per pound, if it could be used for a half-dozen or more 
times, it would save a major part of the cost. 

For the second and following stages, the problems are somewhat 
different. In the first place, since the following stages make up a part 
of the payload of the first stage, their performance must be as high 
as possible to decrease their weight. This involves use of the best 

ropellants we know—liquid hydrogen and liquid oxygen or liquid 

uorine. 

It seems highly improbable that any better propellants, will be 
available for many years. (The development of free-radical propel- 
lants, on which Aerojet is working, is a long-range program, and in- 
deed may never produce usable propellants. ) 

There is an immediate need for a comprehensive program to de- 
velop operational capability, with a high degree of reliability, in pro- 

ulsion systems using liquid hydrogen and liquid oxygen or liquid 

uorine. The thrust range required for these systems is from 300,000 
pounds down to about one-tenth as much. 

For rapid propulsion in space, after orbital conditions have been 
reached, the requirements are similar for high performance, but in 
addition, the propellants used must be capable of being stored in 
space for periods of from several days to a year or more. Liquid 
a must be kept at a temperature about 400° Fahrenheit below 
Zero; ge oxygen and liquid fluorine require temperatures almost as 
low e do not know what is required to maintain these tempera- 
tures in space. If it proves impossible or too difficult, we must back 
up and use the best propellants we can maintain in space. The prob- 
lems of achieving operational capability and high reliability are the 
same. 

When we leave the chemical propulsion systems for nuclear and 
electrical systems we are going largely into unmapped territory. 
Some of the principal problems can now be recognized, but any pro- 

m for utilization must necessarily be long range; specific prob- 
ems remain to be recognized. 

The principal area of interest in nuclear rockets at present is in 
simply using a conventional nuclear reactor, instead of a chemical 
reaction, to heat the rocket gases. If hydrogen is used as the work- 
ing fluid it is possible to approximately double the performance of 
chemical rockets. 

Other substances, such as ammonia, give little or no improvement 
over chemical systems. This propulsion system can provide a high 
thrust-weight ratio, but involves serious problems in heat transfer, 
high temperature materials, radiation hazard if used for takeoff, and 
shielding, especially for manned flight. An advantage is the pos- 
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sibility of achieving single stage operation, and the possibility of 
using the reactor for other power needs, such as communication and 
maintenance of environment in manned vehicles. 

An indication of the problems involved is shown by the fact that 
to get. worthwhile propulsion, it is necessary to operate the nuclear 
reactor at temperatures of 4,500 degrees Fahrenheit or higher. Also 

neration of a million pounds of thrust requires a heat transfer of 
some 25 million B.t.u. per second, or the equivalent of a large central 
station powerplant occupying a city block. 

Beyond the nuclear heating propulsion system are the various elec- 
trical systems, which are also based on nuclear energy. In addition 
to a reactor, they require equipment to generate electrical power, and 
radiators to dispose of the heat not converted to power. These ad- 
vanced propulsion systems are urgently needed for long-range space 
missions such as manned probes to Mars or Venus and beyond, since 
they offer the only presently known means of accomplishing such 
missions without the expenditure of truly astrontanical amounts of 
propellants. 

In addition to to the requirements for the lightweight reactors and 
efficient electrical generators common to all of this new generation of 
propulsion systems, there are specific problems in each system. These 
are extremely varied, since these advanced concepts include the use of 
ions, charged colloid-size particles, plasma jets, and magneto-hydro- 
dynamic devices. 

As an example, the use of an ion system to generate only 1 pound 
of thrust requires producing an ion beam of two amperes at some 20,000 
volts. The ion beams which have been studied up to the present are 
a few milliamperes at most, so a scale-up on the order of a Honcand or 
more is needed. 

The scientific principles associated with these electrical propulsion 
systems have been established in the laboratory. Efforts to date in 
this field have been supported primarily by Government research 
organizations; consequently the funding has been relatively small. 

Ve believe that the state of the art is such that reduction to practice 
through a technical development program to demonstrate the feas- 
ibility of an integrated electrical propulsion system should be initiated 
immediately. We at Aerojet think that a program to develop a fly- 
able electrical propulsion system within the next 5 years will have 
reasonable opportunity for success. It is now time for much larger 
effort to develop the electrical propulsion systems for space application. 

You may ask what all these complex and admittedly costly develop- 
ments wili do for this country. A simple answer would be to say they 
will give us capability in space. An answer with more meaning would 
give reasons for wanting capability in space. 

There are three areas which may be concerned, and I can give you a 
few thoughts on each, in what is probably the inverse order of their 
importance: First, there is the area of military application, frankly, 
we do not know what the military applications of space are, especially 
as we proceed farther and farther away from Earth. Equally im- 
portantly, we cannot say there are no military applications until we 
find out, and our national survival in the face of Communist policy 
requires that we do find out. 
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' The second area is that of what can be termed propaganda and 
prestige. The Russians are ahead of us in several fields of solid sei- 
entific achievement. We do not object to being left cold in some ways, 
such as establishing slave labor camps, but we cannot afford to have 
world opinion regard the Communist system as being more capable in 
worthwhile activities. 

- The third, and undoubtedly most important area, is that of the 
extension of human knowledge and activity. For the first time the 
possibility is arising for man to take a look at himself, his planet, 
and the universe from points away from the earth’s surface. As Dr, 
Teller recently stated, the only sure advantage from getting into space 
is an increase of knowledge. But almost as surely, an Increase in 
knowledge will lead to more tangible advantages in the future. 

_ The IGY work of 1958 seems to me to correspond very closely to 
Columbus’ discovery of the new world in 1492. At that time there 
followed a period of exploration that had a profound effect on almost 
every aspect of life. I think that in the next decade the pam 
explorations we will make in space will affect the life of everybody 
on earth, 

_I think it will serve to improve weather forecasting, to provide 
storm warnings and might increase our knowledge of weather and 
climate phenomena and can certainly be used as relays for communi- 
cations purposes. 

I would like to leave you gentlemen with a story which I am sure 
will be of interest to you as legislators. Something over 100 years ago, 
a. Member of Parliament visited Sir Michael Farady in his laboratory, 
where he was conducting some of the first experiments in a new 
field—electricity. 

The Member of Parliament was interested, but asked, “What use 
is it?” and Faraday replied, “My dear sir, someday you may be able 
to tax it.” 

I am sure if you gentlemen will look at the hundreds of millions of 
dollars in taxes paid in this country alone by the electric pony and 
equipment industries, you will agree that the pursuit of knowledge 
can be extremely rewarding. 

The next two pages I won’t read, but we have there what we believe 
are the requirements for solid engines, for liquid engines, nuclear en- 
gines, and electrical propulsion systems that should be pursued in 
the immediate future. 

(This additional material is as follows :) 


REQUIREMENTS For PROPULSION SYSTEMS DEVELOPMENT 


I. SOLID ENGINES 
A. First stage or boost: 
1. Investigation problems of size increase to 500,000-1 million pounds 
thrust, and 500 million pound-seconds total impulse. 
2. Improve flexibility of operation. 
8. Cut cost of finished propellant in place in engine, that is, continuous 
mixing, increased use of chemical industry methods. 
4. Improve preformance. 
B. Following stakes or space: 
1. Improve performance. 
2. Improve flexibility. 
3. Demonstrate storability in space. 
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Il. LIQUID ENGINES 
A. First stage or boost: 
1. Improve reliability—use present propellants. 
2. Decrease hardware cost and complexity. 
(a) Increase propellant fraction. 
(b) Decrease storage and pumping problems. 
(c) Investigate recoverable units. 
(d) Investigate inexpensive hardware, that is, mild steel, plastics. 
B. Following stages or space: 
1. Increase performance—very best propellants. 
2. Improve reliability. 
3. For space—demonstrate storage under space conditions: Are cryogenics 
usable? 


lil. NUCLEAR ENGINES (RESTRICTED TO NUCLEAR HEATING OF WORKING FLUID) 


A. First stage or boost: 1. Investigate practical feasibility versus chemical— 
radiation hazard, minimum size, practicality of required heat transfer and high- 
temperature reactors. 

B. Following stages or space: 

1. Demonstrate storability of liquid H. in space. 
2. Investigate integration of propulsion and auxiliary power systems. 


IV. ELECTRICAL PROPULSION SYSTEMS (CONFINED TO SPACE) 


A. Develop lightweight reactors. 

B. Develop efficient converters to electrical power. 

C. Ion propulsion systems. 

1. Develop efficient, long-life ion sources. 
2. Investigate problems of obtaining directed ion beam, electrical 
neutrality, ete. 
3. Investigate problem of reducing specific impulses to usable values. 
D. Charged particle propulsion systems. 
1. Continue development of liquid droplet systems. 
2. Develop methods to employ solid particles. 

RP. Other electrical systems. 1. Plasma, magneto-hydrodynamics, and so forth. 
Investigate. 

Mr. Kimpay. That is all Ihave, Mr. Chairman. 

The Cuatrman. Thank you very much, sir, for a very fine statement. 
I think, of course, you are beginning to get us into trouble when you 
refer to the possibility of taxing space developments. That will give 
Congress something to think about —_ away. 

Have you any further recommendations, other than those that you 
place in your statement, as to what we need to do to advance this 
program 

Mr. Krmpatt. I think the requirements that*I have laid out here 
in these last three pages cover pretty well the things that should be 
done. 

The Cuatrman. You refer to solid engines, liquid engines—— 

Mr. Krmpaux. I might go over them. We have on solid engines, in 
the first stage, a booster stage, investigate problems of size increase 
to 500,000-1,000,000 pounds thrust and 500,000,000 pound-seconds to- 
tal impulse. Improve flexibility of the operation. Cut the cost of 
finished propellant in place in the engine by continuous mixing, in- 
creased use of chemical industry methods. Improve the performance. 

In the following stages, to improve the performance and flexibility, 
and demonstrate storability in space. 

In the liquid engines almost the same thing. Improve the relia- 
bility with present propellants. To cut the hardware cost. To in- 
crease the propellant fraction. To decrease the storage and pumping 
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problems. To investigate recoverable units. To investigate inex- 
pensive hardware such as mild steel and plastics. 

In the following stages, much the same. Increase the performance 
with better propellants. Improve the reliability. For space, to dem- 
onstrate storage under space conditions. 

With the nuclear engine, we think we should investigate the practi- 
cal feasibility versus chemical-radiation hazard minimum size, practi- 
cality of required heat transfer and ee ee reactors, 

In the upper stages, to demonstrate storability of liquid hydrogen 
in space; to investigate integration of propulsion and auxiliary power 
systems. 

The electrical propulsion systems which would be confined to space— 
those, I think, are fainly complete. If we try to do all of them, we 
have got a big job ahead of us. 

The CHammMan. We will study that. Do you see any ibility in 
the near future of reducing the cost of solid fuel propellants? 

Mr. Kimpaty. Yes, I think we have to find ways to mix them more 
efficiently and mix them with the continuous mix processes, rather 
than with a batch mix, as we do at the present time. 

The Cuatrman. The cost is one of the prime impediments to the 
use of solid propellants, isn’t it ¢ 

Mr. Krupa. I don’t believe you will get overall much difference in 
cost between your solids and liquids. Your liquid chemicals cost less 
than the chemicals you use in the solids, but the complexity of the 
hardware, the metal parts, is much more. 

So they will balance off reasonably well. 

The Cuarrman. I think somebody testified here that the cost of 
the solid propellants would run from $8 to $5 a pound. Do the 
liquids run in that same proportion / 

Mr. Kimpauy. The $3 to $5 per pound would be the overall cost. 
The propellants themselves don’t cost that much. They cost you 
from 40 cents to a couple of dollars a pound in the raw state, but you 
get the $3 to $5 by the time you have to mix them and put them 
together and test them. 

Have you any thoughts on that, Mr. Young / 

The Cuarmman. And your name, sir, for the record ? 

Mr. Youne. I am Robert B. Young, vice president of the liquid 
rocket plant at Sacramento. I am speaking for our liquid propel- 
lent activity. 

Liquid propellants are cheap in the bulk. As you all know, hydro- 
gen and kerosene run just a few cents a pound; but the equipment 
that is required to operate the engines is rather complex and runs 
currently, say, $100 a pound. 

So if you take an all-out missile system—which you are interested 
in—your launching, there isn’t too much difference right now. We 
are looking forward to decreasing the cost of the solid propellent 
systems by—as Mr. Kimball mentioned—continuous propellent mix 
and perhaps using larger quantities and getting lower cost per unit. 

At the same time we are looking forward to decreasing the present 
high cost of the liquid engines by simplifying them, using different 
methods of operation which lead to simpler engines. 

The Cuamman. Which will promote the efficiency ¢ 
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Mr. YounG. Promote the efficiency, reduce the cost, and increase 
the reliability. Possibly, current large liquid engines have been 
ta ged as being unreliable, although in practice they are doing pretty 
te . I am speaking of our ICBM engines, which represent the 
furthest advance of the art in this country. 

But we are looking forward to significantly increasing the relia- 
bility, decreasing complexity, and increasing the output of such en- 
gines as well as engines of larger thrust—again using either the 
present propellants or different propellants, depending upon the 
applications. 

he CuHarrMan. Mr. Fulton. 

Mr. Futron. I certainly want to welcome you, Mr. Kimball. You 
have a very interesting idea when you speak of taxes in space. That 
would, of course, mean private property in space, or the Government 
couldn’t tax you. 

Do you mean that in space we should then be able to buy a piece 
of the Moon or a piece of Mars or we should have a system set up 
under private enterprise where you might have a transportation 
system back and forth between the Moon, or once around the world, 
or should the Government do all of that? 

Mr. Kimpax. It seems to me this is going to be obviously a little 
too expensive for any private companies to do. This isn’t directly 
related to propulsion, but it seems to me within the next 50 years 
we are going to have to evolve some space laws. I don’t think it is 
yossible to put those down on paper now. You couldn't evolve the 
aws of the seas; you have got certain precedents; you have got 
freedom of the seas. 

I think you are going to have to have freedom of space within cer- 
tain limits as you have freedom of the seas. I don’t think there is 
a country that is going to be able to lay a claim to the moon and be 
able to sustain it. 

Mr. Furron. That is a lot closer, I think, than perhaps you are 
thinking, because with a telegraphic satellite, with two of those up, 
we could probably handle all the telegraphic communications of one 
hemisphere within a year. 

That. brings up the question: Should that be a private enterprise 
or should the Government or the United Nations do it? 

Mr. Krupa. I would think it has to be Government. 

Mr. Fcurron. You wouldn’t let any large company, then, have that 
satellite, although it only costs $100 million or $200 million, and 
would cost no more than the same cable facilities ? 

Mr. Kimpau. I don’t think I am competent to answer that. 

a Furiron. You made a point and said we were going to tax all 
of this. 

Mr. Krupary. I wasn’t suggesting that we tax it, Mr. Fulton. I 
was just quoting Sir Michael Faraday 100 years ago when he was 
talking about electricity at the start of it. 

Mr. Fuiron. So you wouldn’t have private industry in space, then ? 

Mr. Krmpatt. I don’t think you could have it; no, sir. 

Mr. Fuuron. Would you have a limit, then, in our Government on 
who would be allowed to shoot anything into space? Would you 
make us, say, get a license or a passport to get into space? 
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_ Mr. Kimpaty. No. I think if it is going to be a Government opera- 
tion, it has to be run as a Government operation. 

Mr. Furron. Then you would prevent any individual or company 
from going into space without specific authorization ? 

Mr. Kina. I don’t believe you would prohibit them, but I think 
the cost of doing it would rule them out. 

Mr. Fuuron. I have just this short line of questions. There has 
been talk here of coming up with a whole new system of a new hydro- 
gen propellant. As a matter of fact, we have several hydrogen 
propellants that are hydrogen productive in volume, one about 70 
percent in volume and another about 24 percent in volume. 

Do you think it is a wise thing to start into a whole new type of 
propellant production, or do you think it would be wise to develop 
the ones we have and maybe make them 15, 20, or 50 percent more 
efficient ? 

Mr. Krupa. I think certainly the best thing we could do would 
be to develop what we have and make them more reliable and get 
the cost down. 

Mr. Fcrron. Then another thing 

Mr. Kimeatu. I think within the next 10 years we are going to use- 
the chemical rockets we are now manufacturing and improve those. 
I think obviously the things that we have now are what we are going 
to use to get into space. 

Mr. Fcrton. Do you think we are moving fast enough on nuclear 
power in space? ‘There is such a tremendous ratio there that a nu- 
clear power facility will be so light, probably, compared to what we 
are using now, and be so small and easy to handle. It could prob- 
ably be used again if it is tightly contained. 

Mr. Krupatt. I don’t think we are moving as fast in nuclear power 
as we can and 

r. Furron. I a with you. Suppose we did have a program 
that was set up on somal basis, as we did once for the rubber ridusle. 
I have suggested a man named Admiral Rickover. 

Do you think he could put a push on it? To me it needs somebody 
just to give it a real push and shove it clear ahead. 

Mr. Riemann: ere is no question whether Admiral Rickover 
would put considerable push on any program that he was working 
on. He is very efficient. I think somebody has got to make the de- 
cision to start the program with a larger dollar effort than is presently 
being used. 

Mr. Fuuron. Then if we get a communications satellite up, or the 
Russians do, within a year, that would give us the power to jam 
radio communications wherever the satellite was. If you had sev- 
eral of them up, it would give the Nation that had that power of 
jamming, the power to destroy every radio communication, even 
military stations, and even the walkie-talkies, or anything on a ship. 

That would seem to me to give us quite an urgency then for put- 
ting up a communications satellite. In reverse, if you had a very nar- 
row radio band and restricted it so that the satellite was passing over 
the receiving people, it would not be able to be jammed unless you were 
within line of sight. 

So there might be a danger, mightn’t there, if we don’t go fast on de- 
veloping communications satellites that Russia might be able to jam 


we 
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us out of all radio communications, both civilian and military, and 
have the ability to withstand jamming by us because of this line of 
sight communication ? ; 

0 you agree with that ? 

Mr. Kimpaty. Yes, Mr. Fulton, I do. I think when we get satel- 
lites in orbit we are going to learn many things about them that we 
don’t even imagine now. 

Mr. Fuuron. Do you think there is a necessity on communications 
satellites to go ahead and go quickly ? 

Mr. Kimpau. Yes, sir. 

Mr. Furron. Thank you, that is all. 

The Cuatrman. Mr. Miller. 

Mr. Miter. No questions. 

The Coarrman. Mr. Teague. 

Mr. Tracur. Mr. Kimball, I appreciate the little story, and if we 
pay for this space aid, we are going to have to find something new to 
tax. 

Mr. Kimball, last week I had lunch with a young scientist from 
California who believes that there is much duplication going on in 
all our missile work, that we have scientific teams all over the coun- 
try doing the same thing. 

Would you care to comment on that ? 

Mr. Krmpatt. I don’t think there is any great duplication. I think 
in most programs you will have a beckup, but I don’t think there 
is any great duplication that I have seen. 

Mr. Tracur. He also contends that there has been contract after 
contract given to scientific teams that have produced nothing; that 
actually our people know who those teams are and know they aren’t 
going to produce anything, but they continue to get contracts. 

Would you care to comment on that ? 

Dr. Krvpauu. Yes; I would like to comment on that. I think when 
you give a research contract to a — firm or university, you are 

oing to make an effort to break through in new fields and you can’t 
be assured that they are going to make a sensational new discovery 
every time you give a development contract. 

Sometimes you get results by getting negative results to find out 
things you can’t do. Certainly when you give a contract to a company 
or a university to explore some avenue that so one has ever touched, 

ou can’t be assured that you are going to achieve a new piece of 
ardware that you can use successfully. 

You can’t invent by schedule or by dollars. 

Mr. Tracur. I notice you said in your statement that your com- 
pany might not succeed. I am sure your statement is true, but surely 
there is some way we can evaluate scientific teams to find out whether 
they are going 

Mr. Krupa. I think the military over a period of years has found 
out the places where they can get work done satisfactorily with a 
high degree of talent and capability. In our field we try to stay gen- 
ny in the propulsion field. We think we have fairly competent 
people. 

We have 4,200 technical people, so that when we say we are going 
to work on a job we tell them the technical people who are going to 
work on it and their background and achievements in the past. 
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Mr. Young here has had 17 years in the liquid rocket business. [ 
would think he is a considerable authority in this country on liquid 
rockets. 

Mr. Tracur. Mr. Chairman, that is all I have. 

The Cuarman. Mr. Riehlman. 

Mr. Rrenuman. Mr. Kimball, I have been very much interested in 
your statement. For my own edification and possibily that of the 
committee, too, what work are you doing at the present time for the 
Government ? 

Mr. For the Government ? 

Mr. Rrewiman. Yes; in this jet propulsion work. 

Mr. Krupa. Practically all of the work we are doing at Aerojet- 
General is for the Government. 

Mr. Rresiman. Practically all of your work? 

Mr. Yes. 

Mr. Rrentman. And you are working with ARPA and with NASA 
both ¢ 

Mr. Yes. 

Mr. Rresiman. They have free flow of information as to what your 
scientists have and the new discoveries and the advance in this jet 
propelled program / 

Mr. Krwpauz. They will ask us what we are doing in different 
fields. We will come back and make a full presentation disclosure to 
them. ‘They come out to our plant also to see what we are doing. 

That is true of ARPA and NASA, the President’s Committee—Dr. 
Killian’s Committee, and all the people in universities. As a matter 
of fact, one of our outputs is the number of visitors we have, some- 
thing over 20,000 last year. 

Mr. Rieuiman. I am following up in my own thinking what my 
colleague from Texas had to say in his questioning as to the fact that 
we are all interested in this great field and we are doing everything, 
we hope, we can to advance it. 

The fear I have is that we are going to have a lot of duplication 
and overlapping, and that we are not going to have the free flow of 
information that is necessary to coordinate these activities and save a 
lot of money. 

Mr. Kimpatt. I think there is a great deal of information for the 
people who have a need to know it. Obviously most of the things we 
are working on are classified, and they have to get clearance to come 
out; but they know the capability of our organization and of other 
organizations in like work. 

I don’t think there is too much duplication. I would think that 
maybe you would need a little broadening of the base in some places. 

Mr. Rreuiman. We want to do everything that we can construc- 
tively and economically to accomplish this effort. 

In respect to the advance that we are making in nuclear propulsion, 
I think you said in answer to a question of Mr. Fulton that you didn’t 
think we were doing enough in that field. 

Mr. Kimpaty, That’s mght. 

Mr. Rreniman. Mr. Chairman, I am not so sure that we have had 
complete information in respect to how far we have advanced. Are 
we going to have information before our committee as to the program 
in the field of nuclear propulsion ? 
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The Cuairman. We have a solid week set for that purpose. I 
think we will cover every feature of it. At the end of the week, if 
we haven’t, we will be glad to have your ideas. 

Mr. Rieutman. Fine. I don’t have any other questions at this 
time. 

The Cuatrman. Mr. Anfuso, 

Mr. Anruso. Mr. Kimball, you said whatever you are doing now, 
you are doing under contract for the Government. Is that correct 

Mr. Yes. 

Mr. Anrvuso. Is private capital also invested in your work? 

Mr. Kimpatu. Yes, sir. 

Mr. Anrvuso. What is the percentage? 

Mr. Kimpati. Let me put it this way. Our company started by 
doing work that had been done at Caltech during the war years. At 
the end of the war the services asked us to continue in the rocket busi- 
ness. Weare owned 88 percent by the General Tire Co. 

So we said we would keep the company going and we would in- 
vest our money in it. What we have done for the last 13 years is put 
back into the business all the profit we have made. We paid our 
stockholders no dividends. 

As rocket propulsion came into prominence for ballistic missiles and 
now lately for space, our business has expanded. We have got some- 
thing in the neighborhood of $40 or $50 million invested in it—our 
own money; and the Government has got, I guess, a little more than 
that invested. 

Mr. Anruso. You say that—— 

Mr. Krmpatt, I will be happy to send you the complete figures, but 
I think they are classified; so 1 would have to send them to you. 

Mr. Anruso. Would you, please. 

Mr. Kimpary. I will be happy to. 

Mr. Anruso. You say your company has paid no dividends. You 
mean Aerojet ¢ 

Mr. Kimpatu. Aerojet. We haven’t been able to. All the money 
we made we have had to put back into facilities to do these jobs. 

Mr. Anruso. How do you account for that stock jumping 60 percent 
or more in 30 days or thereabouts ? 

Mr. Kimpauu. I sold mine too quick. I can’t account for that. 

Mr. Anruso. Mr. Kimball, are you making any experiments to de- 
velop a recoverable first-stage rocket ¢ 

Mr. Kimpaty. We are doing a lot of thinking about it. We haven’t 
run any experiments on it. Practically it looks as if we should be able 
todo it, either bring it back by parachute or possibly put wings on it, 
where it could glide down. 

Mr. Anruso. Just now it is in the drawing stage, but not in the 
experimental stage ¢ 

r. Kimpati. That’sright. We would hope to do some experiments 
on that before the end of this year. 

Mr. Anruso. What do you mean by this statement in your prepared 
statement on page 3: 

There is obviously a practical upper limit to the size of propulsion systems. 
We need to find out what it is. 

Will you elaborate on that a little bit, please? 

41260—59——2 
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Mr. Krwpauy. Maybe there isn’t a practical upper limit, but we think 
some place along the line these engines could be too large to be trans- 
ported or usable. I might also say 10 years ago we thought that it 
would be very difficult to make a 200,000-pound engine. Now we 
know we can make it. There is work going on in this country to 
develop a 1 million pound thrust engine. 

We don’t know whether that would be the optimum size, whether you 
should bundle those together for a first-stage or larger, whether you 
should make engines 5 to 10 million. 

I think some place along the line we have got to try those larger 
sizes and find out. 

Mr. Anruso. Would a nuclear rocket be much smaller? It would 
be, wouldn’t it? 

Mr. Kimpat. I think a nuclear rocket would be larger. 

Mr. Anruso. Would be larger? 

Mr. Kimpatyt. And of course to use a nuclear rocket, I am not a 
nuclear expert, but for the first stage, you have some shielding problems 
and radiation hazards that might be quite severe. 

Mr. Anruso. Is it possible, however, that a nuclear rocket could 
produce a one-stage rocket where you wouldn’t need all the other 
stages? 

Mr. Kimeatt. Yes, I think that is possible. It would be a long- 
range development program. I think the practical thing to do is to 
use the chemical rockets we are now making for the next 5 to 10 years 
because you have those in being and you have paid the builder to have 
them developed. 

Mr. Anruso. So that nuclear rockets are promising if for nothing 
else than for that particular phase of it, that you might be able to pro- 
duce a one-stage rocket ? 

Mr. Kimpa.u. We really believe—I would like to have Dr. Carter 
or Mr. Young correct me if I am wrong on it—that the most promising 
use for the nuclear rockets would be the upper stages, because you have 
booster stages now that you can use. 

But you can get up in the air with what we have now and the nuclear 
rocket would show more promise for the upper stage work rather than 
for the primary booster. 

Mr. Anrvuso. Mr. Kimball, if it were possible to get up into the 
atmosphere and above the atmosphere—that is 100 miles into outer 
space—a large vehicle or satellite moving slowly and rising all the 
time which would not require a large thrust—I started my question 
with the word “if.” I don’t mean “if.” Iam not a scientist, but is it 
possible to envision a rising balloon, a rising large vehicle into the 
atmosphere which would not require such a tremendous thrust? In 
other words, is it possible to get up into the atmoshpere one of these 
space satellites for television and broadcasting and all that which 
would be extremely heavy, which is strictly for peaceful purposes? 

Mr. Krimratt. I don’t think you can move slowly in upper space. 

Mr. Anruso. I mean which would steadily increase, though, would 
move slowly into the atmosphere, but then increase its speeds as it en- 
tered outer space. Isit possible to envision such a thing? 

Mr. Kruparu. I don’t believe so. Would you say so, Dr. Carter? 

Dr. Carter. No, I don’t think that is possible. Once you have got- 
ten into orbit or almost into an orbit, it is possible to increase the 
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velocity very slowly over a period of time. But there is required this 
5 miles a second or nearly that to make the thing stable so it doesn’t 
tend to fall back to the earth. 

Mr. Anruso. Are you also saying that, in order to get a large 
vehicle through the atmosphere, you must have a very powerful 
thrust 

Mr. Kimpaty. That’s right. 

Dr. Carter. That’s right. 

Mr. Anrvuso. Mr. Kimball, if we were able to develop a thrust of 
5 to 10 million pounds, we could put into the atmosphere satellites, 
missiles, or vehicles which would make almost obsolete any modern 
weapons of war. Isn’t that true? 

Mr. Kimpatt. I couldn’t say that, sir. I think before you do that, 
we have got to find out what we can do with these satellites when we 
get them up there. I am not sure the satellites are going to make 
weapons of war obsolete. 

r. Anruso. If you had a thrust of that magnitude, then surely you 
are going to magnify the war weapons, the missiles, aren’t you ? 

Mr. Kimeatyt. You are not going to put the weapons into orbit at 
the present time. Our eaabueetenensal elite ic missiles already have 
ranges of about 5,000 to 8,000 miles. That is sufficient for anything 
we need in the foreseeable future. 

It would be possible to put nuclear weapons into orbit and bring 
them back at a time and place of your choosing; but that is going to 
be a long-range, hard job. 

Mr. Anrvuso. If you could do that, you would have supremacy in 
outer space 

Mr. Kimpati. That’s right. That is one of the reasons I think we 
have to work very vigorously in space. 

Mr. Anruso. That, in and of itself, would be a deterrent to any 
country if we had such a power ? 

Mr. Yes, sir. 

Mr. Anruso. So I must agree with the other gentlemen on the com- 
mittee here, that that eenttne almost a paramount task, paramount 
aren of all groups in America, to try to get this thrust as soon as 

ible. 
Soper. Kimpatu. I don’t think we can overemphasize the importance 
of this country having a lead in progress in space because we don’t 
know what all the solutions are going to be. Certainly we can’t run 
second place in this one very long. It is too important to our country, 
in my opinion. 

Mr. Anruso. In doing this kind of work, in trying to get 1.5-million- 
pound thrust, or even above that, are you cooperating with other agen- 
cies, private or public? Are you sharing knowledge in that field? 

Mr. Kimpatu. Yes, sir, because really the reason that we have a 
capability in space now is because the military over the past 10 years 
have put lots of money into developing these weapons. So that is why 

ou have vehicles that you can use in space now. If the military 
dn’t put this money in over the last 10 years we would be in very 
bad shape at the moment for space work. 

Mr. Anruso. Are you recruiting, for example, international scien- 
tists from other friendly countries to assist in this research program ? 

Mr. Kimpatu. As far as we are concerned, no. In the IGY there 
was, of course, a cooperative effort with other countries. 
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Mr. Anruso. IGY suggested that, didn’t it ? 

Mr. Yes, sir. 

Mr. Anruso. Do you know whether anything has been done since 
IGY for international cooperation in this field ? 

Mr. Kimpart. I can’t answer that. 

Mr. Anruso. You regard that as being very important, don’t you? 

Mr. Krupa. In our particular case, no, because most of the work 
we are doing is classified. If the Government sees a need for foreign 
representatives to know, they can send them to our plant and tell us 
what we should tell them. 

Mr. Anruso. Would you say that the Government certainly would 
profit by such international cooperation ¢ 

Mr. Possibly. 

The Cuarrman. Mr. Wolf? 

Mr. Wotr. Mr. Chairman, I just got here. 

The Cuarrman. Mr. Karth? 

Mr. Karru. Mr. Kimball, do you have any estimate of how much 
money it would require for your company to do the research in 
finding out whether or not nuclear propulsion is a feasible field to 
enter into? 

Mr. Kimpatu. I couldn’t give an estimate on that. It would bea 
substantial amount of money. There has been work done on nu- 
clear rockets, but it hasn’t been of a very large magnitude. There 
was some question in some of the scientists’ minds as to whether it 
was practical or not. 

Mr. Karru. You have no estimate as to how much money you 
would need to find out whether or not we could reach the point 
where you felt it was going to be practical or not? 

Mr. Krupa. As a guess, I would say of the order of magnitude 
of $50 million spent over a number of years. 

Mr. Karru. Would it be the same for investigating the research 
work on the electrical propulsion system ¢ 

Mr. Krwpaui. I would like to have Dr. Carter answer that, be- 
cause he is more familiar with it than I am. 

Dr. Carrer. I think that on these electrical propulsion systems that 
a program—an initial program—over possibly a 3- to 5-year period 
of the order of $50 million could undoubtedly provide a lot of 
answers. On the research end of things, the cost is not very much. 

After you have an idea which looks as though it is going to be 
feasible, and you get into the development stage, that is probably going 
to cost 10 times as much as the research. 

Then after you have something developed to where it looks as 
though it is going to be practical and you want to actually employ 
it, that conversion to production, so to speak, is probably going to 
cost 10 times as much as the development. 

Mr. Karru. I understand that. But my primary interest was 
whether or not you had made any determination on how much 
money it would cost to first decide through your research whether 
or not this was a feasible field to enter into, whether or not it was 

ractical, whether or not it would work. This, of course, would 
involve only the research. 

Do you have an estimate as to how much money it would cost 
your company in the field of research to decide whether or not It 
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js practical to go ahead with an electrical propulsion system and a 
nuclear propulsion system ?¢ 

Dr. Carrer. And nuclear? 

Mr. Karru. And/or both. Could you give me a figure on each 
one 

Dr. Carrer. I would say to investigate the possibility of the electri- 
cal systems, and hope to come up with one out of the possible half 
dozen a so that we have thought of, would probably be a $10 mil- 
lion job. 

Mr. Karru. How about the nuclear field ? 

Dr. Carrer. On the nuclear field, that has proceeded far enough 
so that this really small-scale experimentation is no longer possible. 
It has to get up into a somewhat larger scale. I think something on 
the order of $50 million. 

Mr. Kartu. If you spent $50 million, you feel that with a fair 
degree of assurance you could then at least be able to decide whether 
a nuclear propulsion system is feasible is that correct, sir? 

Dr. Carrer. I think it would be. 

Mr. Karru. And as to the electrical propulsion system, you feel 
after spending $10 million, you could then decide whether or not this 
field would be a feasible one, is that correct ? 

Dr. Carrer. [ think so. 

Mr. Karru. Thank you, sir; that is all, Mr. Chairman. 

The Cuarrman. Mr. Daddario? 

Mr. Dapparto. If we can follow Mr. Karth’s line of reasoning here 
on the technical development program for an integrated electrical 
propulsion system, who would do it? Who would you say should 
handle this kind of development ? 

I would assume that when you say that “We have reached the point 
where this should be done,” that you have done enough experimenta- 
tion, at least at the thought level, so you can get into the basic re- 
search and development of this type of program. 

Who should do it—NASA, the Government, or should it be par- 
celed out on a contract basis to private industry ? 

What kind of thought do you have on the programs involved, 
either Mr. Kimball or you? 

Mr. Kimpaty. I think the companies that have the capability in 
that field, and the universities that have the capability, should be 
evaluated and a decision made possibly to split it between two com- 
panies—two companies or two universities that would have the 
greatest capability in those fields. 

Mr. Dapparto. Has there been enough experimentation in this 
field, up to this point, to demonstrate which companies or which 
universities should get into this program ? 

Mr. Krupa. I would think so, yes, sir. There are a half a dozen 
companies that have worked in this field and have some competence 
and capability. 

Mr. Dapparto. Who would you say those universities or companies 
are, Mr. Kimball ? 

Mr Kimpaty. I would rather let whoever had to pick them say. 

Mr. Dapparto. The reason I am concerned about that is that I think 
we get back, in all of these discussions, to something Mr. Teague 
talks about. We get into these more involved types of systems and 
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propulsion, and we get into more experimentations—we have more 
people being involved. It seems to me, too, there is more duplication, 

I wonder, when you hit the area where you said that there is a wide 
flow of information and need to know, if you include in that, too, 
those industries which feel that they should keep their experiments 
to themselves and not get involved in Government grants because of 
the fact they would like to control their prenesiery rights. There- 
fore in some areas, in nuclear areas, for example, would imagine 
that there are developments going on where private industry is very 
selfish—not selfish, very careful of its developments in order to pro- 
tect the rights for patents and other purposes. 

Mr. Krmpatx. I would think the nuclear field and the rocket pro- 
pulsion field is pretty generally known— le know what each is 
doing in the field generally. We don’t think that other people in 
the field know everything we are doing, but they know generally 
what we are doing. Certainly the military departments know in 
detail what we are doing. 

Mr. Dapparto. You don’t think in this field the traditional problem 
of proprietary rights within industries as they have competed to 
maintain their research and development really takes—— 

Mr. Kimeaut. I think generally as far as the military are con- 
cerned, they respect the proprietary rights of the companies. 

The Mr. Moeller. 

Mr. Moetirer. Mr. Kimball, I would like to ask just one question 
following what Mr. Anfuso talked about before. You say your com- 
pany’s investment amounts to X number of dollars, and the Govern- 
ment likewise has X number of dollars invested. Who has the title 
to this investment? Does your company have it? 

Mr. Kiapart. No, no. The things the Government put in, they 
have title to. 

Mr. Moetter. They hold title to it? 

Mr. Kimepauu. They hold title to it. 

Mr. Moetzer. If you should buy it someday, it is up to you to pay 
the price of whatever they want to sell it to you for? 

Mr. Yes. 

Mr. Moetter. Otherwise it is definitely kept separate ? 

Mr. In great. detail. 

The Mr. Roush ? 

Mr. Rousu. Mr. Kimball, is your company doing any work in nu- 
clear propulsion ? 

Mr. Kimpatu. We have a nuclear division. We are doing—yes; 
we are doing some work in nuclear propulsion. 

Mr. Rousu. Is this work just research work, or is there any practical 
experimentation ? 

r. Krmpauu. There is some experimentation going on. Project 
Rover, I think, is classified. I will be glad to supply that information, 
but I don’t think I can do it publicly. 

Mr. Rousu. I didn’t realize it was classified, because I received 
through ordinary mail comments concerning this project. That was 
the reason I was asking about it. j 

Mr. Kimpauu. We have done some work on Project Rover. We 
have “ai some independent thinking on nuclear propulsion systems 
as well. 

Mr. Rovsu. I had better quit, Mr. Chairman. 
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The Cuairman. Mr. Kimball, let me ask you a question or two. 
Where is your plant located—California ? 

Mr. KimBau. Yes, sir. 

The CuarrmMan. Do you have any other auxiliary plants located 
elsewhere ? 

Mr. Kimpati. We have a plant in Sacramento, and Azusa, Calif., 
and our nuclear activities are near Oakland—San Ramon. We also 
have an eastern plant in Frederick, Md. 

The CuarrmMan. What kind of plant do you have at Frederick, Md. ? 

Mr. Kimpary. We have a small plant in Frederick, Md. 

The Cuairman. What is the size of your overall operations? About 
how many people do you employ ? 

Mr. Kimpati. About 18,000 people. 

The CHarrman. In all of the plants. Your investment is about 
$100 million, you say ? 

Mr. Kimpauy. Less than that. Around $80 million. 

The CHarrmMan. That represents your own investment ? 

Mr. Kimpati. No, that represents our investment and the Govern- 
ment’s investment. I would be happy to supply those figures for you 
in detail for the record. 

(These data are as follows :) 

Aerojet has presently invested $31,463,181 and the Government has invested 
$52,007,980 for a combined gross property value of $83,471,161. These figures do 
not include such items as special test equipment, tooling, etc. which may have 
been acquired under supply contracts from the Department of Defense. 

Mr. Anruso. Would you yield, Mr. Chairman ? 

The Carman. I ping to yield to Mr. Miller. Mr. Kimball 
is probably from his home State. He wants to say a word to compli- 
ment him. 

Mr. Miter. I was hoping to get on last. 

The Cuarrman. Mr. 

Mr. Anruso. Mr. Kimball, is there anything to prevent you from 

tting some of this work for putting up a plant on the northeast sea- 

ard in order to give some work there? 

Mr. Kimpatu. No, sir. 

Mr. Anruso. Have you given thought to that ? 

Mr. Kraan. We have looked at a number of places at different 
times, It happens we had the technical people in California, so we 
naturally expanded there. 

Mr. Anruso. Have you thought of subcontracting any of this 
work ¢ 

Mr. Kimpatyt. We subcontract a great deal of our work all over 
the country. Half of our sales dollars are subcontracted all over the 
country. 

Mr. ‘pmpone. You are willing to listen to people regardless of what 
part of the country they come from ? 

Mr. Kimpatu. Oh, we have got much work going on in all of the 
different places in the country. 

The Cuarrman. Mr. Miller. 

Mr. Miuter. I just wanted to say for the benefit of my colleagues 
that Mr. Kimball was a great Secretary of the Navy—we had the 

rivilege of serving with him. As head of Aerojet, I think you have 

eard the statement that this company, General Tire, took over Aero- 
jet—I believe I am right, Mr. Kimball, it was organized on rather a 
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voluntary, almost a nonprofit basis by a group of scientists at Cali- 
fornia Institute of Technology. 

Mr. Krupa. Aerojet was originally organized by a group under 
Dr. von Karman to manufacture some of the things that had been 
developed at Cal Tech because Cal Tech could not go into the manu- 
facturing business. 

Mr. Miter. It was never much after profit ? 

Mr. Kimpati. We try pretty hard to make a profit, Mr. Miller. 
We have to. 
~ od Miter. But all of your profits to date have been plowed 

ac 

Mr. Kimpatu. Right back into the building. 

Mr. Mituer. No dividend has ever been paid to the stockholders? 

Mr. Krpatt. I think a small dividend. was paid back in 1947 or 
1948. But at that time we bought most of the other stockholders out 
because we told them we couldn’t pay any dividend. I must admit 
I don’t know where the stock is. 

The Cuatrman. How is the Government to get any money out of 
space for taxes then, under that sort of arrangement ? 

Mr. Mitier. Thank you. 

The Cuarrman. Any questions over here, Mr. McDonough? You 
just camein. Mr. Van Pelt? 

Mr. Van Petr. No. 

The Cuatrman. Mr. Wolf. 

Mr. Wor. What I am curious about, Mr. Kimball, do you have 
any facility in your company to take advantage of the findings of 
CIA or any other way to equate what we learn from Russia to help 
you with your research. 

Mr. Krupa. Yes, sir. 

Mr. Worr. Can you tell us a little in open session about how you 
use this material, or what you get ? 

Mr. Krapatn. I think i could say we haven’t found anything that 
the Russians have done that we haven’t already known. 

Mr. Woxr. That is a good answer. Would you care to compare 
their propulsion systems and their fuels a little bit with ours? I 
notice there is something in the testimony that did this. 

Mr. Krmpratt. I can’t give you any details on that. I think we are 
at least up to them now on liquid rocket engines and I think we are 
considerably ahead of them on solid rocket engines. That is my 
opinion. 

Mr. McDonoven. Mr. Chairman, I just want to welcome Mr. Kim- 
ball here as a California native—I don’t know about “native,” but at 
least a resident 

Mr. Krupatu. Forty-five years. 

Mr. McDonoveu. That isa native. 

The service he is rendering I am sure is very beneficial. I didn’t 
hear your testimony. I was tied up with a meeting of the Immigra- 
tion and Naturalization Committee. But I am curious to know what 
progress we are making in the fuel to produce a million-pound thrust? 

Mr. Krweart. You can produce a million-pound thrust. Another 
company has a contract to develop a million-pound-thrust engine. I 
think they will be speaking to that. I think we can make a million- 
pound-thrust engine, either liquid or solid. I know we can. 
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Mr. McDonovueu. You haven't got the engine ready yet? 

Mr. No. 

Mr. McDonovucu. What is the maximum that we have at the pres- 
ent time? 

Mr. Kimpati. The maximum we have is a 200,000-pound-thrust 
engine. 

he CuatrMan. Any further questions? If not, we thank you very 
much, sir. You have made a great Secretary of the Navy. If you 
are oo ng the same genius and mere to your business as you did 
to the Navy, I think you will get along all right. We certainly thank 
you for coming here. 
Mr. Thank you. 

The Cuarrman. We have several other witnesses here. The next 
one this morning is Dr. Ritchey, vice president and technical direc- 
tor of the Rocket. Division of Thiokol Chemical Co. Our staff has 
called my attention to the fact that we have Mr. Samuel K. Hoffman 
of Canoga Park, Calif., the North American Aviation Co., first. So 
we will hear him and then we will hear you next, sir. 

Mr. Hoffman, if you will come forward, sir, we will have your 
statement now. I want to say this, to the members, too, that we have 
to adjourn promptly at 12 to get over for the Consent Calendar. 

Do you have a prepared statement, Mr. Hoffman? 

Mr. Horrman. I have a prepared statement, and you have copies 
of it. Rather than read it, I will work from some charts here. 

The Cuarrman. That’s fine. It will be interesting to everybody. 


STATEMENT OF SAMUEL K. HOFFMAN, VICE PRESIDENT, NORTH 
AMERICAN AVIATION, INC., AND GENERAL MANAGER OF THE 
ROCKETDYNE DIVISION 


Mr. Horrman. In accordance with the committee’s request we have 
repared a short statement with accompanying charts covering the 
Balory, present status and future developments of liquid propellant 
rocket engines for space projects. We hope that in the classified ses- 
sions we may have the opportunity to discuss, in some detail, key items 
in future developments. 

Chart 1 presents a condensed picture of high-thrust liquid propellant 
rocket engine development in the United States. You will note that 
the first serious work on a large rocket engine was initiated about 
the middle of 1948, This was a 75,000-pound-thrust engine, initially 
intended for the Navaho missile, and subsequently used on the Red- 
stone, Jupiter-C, and Explorer satellite projects. This engine used 
liquid oxygen as the oxidizer and alcohol as the fuel. 

The next. project, a more ambitious one calling for a 150,000-pound- 
thrust engine, was initiated in the middle of 1951. The requirement 
in this case was to provide booster engine for a later version of the 
Navaho missile. Engines of this basic rating, 150,000-pounds thrust, 
are used singly or in clusters as the booster powerplant for all of the 
current high-thrust missiles and research vehicles: Thor, Jupiter, 
Atlas, Titan, Thor-Able, Jupiter-Pioneer, and Thor-Discoverer. 

The next significant engine development was initiated in 1954: 
80,000-pound-thrust sustainer engines for the Atlas and Titan ICBM’s. 
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We may very quickly summarize this history by stating that three 
basic engines of 75,000-, 80,000-, and 150,000-pounds thrust, used sin- 
gly or in clusters, provide power for our entire family of large missiles, 
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Mr. Horrman. Proceeding from history into the present status, we 
have on chart 2 a comparison of the original German V-2 liquid 
rocket engine and a current [RBM engine. Note that the thrust has 
been increased from 56,000 to 150,000 pounds. The two engines are 
shown to scale, and the relative reduction in size and installation 
dimensions is apparent. The engine thrust-to-weight ratio has im- 
proved approximately 245 percent. We get 245 percent more pounds 
of thrust for every pound of engine weight. 

Efficiency, or specific impulse, has been increased approximately 30 
percent. The technical expression, “specific impulse,” is simply the 

unds of thrust an engine delivers for each pound of propellant 
Gerned per unit of time—somewhat the same as “miles per gallon” 
on one’s car. 

Perhaps this efficiency figure in itself may not seem too important, 
but let us assume a given missile is unchanged in all respects except 
for substitution of an engine having an improvement of 30 percent 
in specific impulse, that is to say, efficiency. The range of this missile, 
with the ss engine, carrying the same payload, would be at 
least doubled. 

If we were to capitalize on this improvement in another way, we 
could carry at least 31% times the original payload over the original 


range. 

These are all measures of the improvement of the state-of-the-art 
during the relatively short period of time this type of engine has been 
under intensive development. 
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Mr, Horrman, Before discussing a program for the future, we 
should take a quick look at the engine requirements for space vehicles. 
Chart 3 shows first-stage booster engine thrust requirements for vari- 
ous missions. In a soft lunar landing, as an example, the first-stage 
booster would require a little over 1 million pounds’ thrust to land 
aton on the moon. For five tons landed on the moon, the first-s 
booster requirement would increase to 6 million pounds of thrust. 
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Mr. Horrman. Space projects will require multist vehicles, 
Chart 4 depicts a typical multistage vehicle together with the range 
of engine requirements applicable to each stage. Considering first 
the booster stage, in current as well as future missiles, the thrust re- 


quirement will vary from perhaps 80,000 pounds to 6 million pounds 
or more. 


Engine efficiency is relatively less important in first than in upper 
stages. For reasons of cost and convenience, conventional propellants 
of intermediate performance will be used. The basic conventional 
propellant combination used today is liquid oxygen and RP fuel 
which is essentially kerosene. Performance is good, and both pro- 
pellants have the very great merit of being readily available and 
inexpensive—less than 1 cent a pound for oxygen and 2 cents a pound 
for RP fuel. 

So-called storable liquid propellants are included in my definition 
of conventional propellants. By common usage when we say “stor- 
able propellant” we mean a propellant which is continuously stored 
in the missile, one which doesn’t evaporate and is in a state of instant 
readiness for firing. 

We have done a great deal of work with “storables” and, as a matter 
of fact, have operated all of our production engines, as well as our 
experimental engines, with storable or “immediately ready” propellant 
combinations. 

The performance is equal to and in fact slightly better than that 
obtained with liquid oxygen and kerosene. Furthermore, our ex- 

rience has confirmed that if one develops an engine system and 

ardware with liquid oxygen and RP fuel later conversion to the 
storable combination is rapid, straightforward, and relatively in- 
expensive. We therefore conclude that for the very high-thrust first- 
stage engines, liquid oxygen will be used initially, with conversion to 
storables to follow at the earliest practical date. 

The thrust requirements of space missions will be such that in most 
cases clustered engines will undoubtedly be used. A few remarks 
about clustered engines would be in order. Clustering, particularly 
with the present-day liquid rocket engine, is feasible. In many cases 
it is advantageous and desirable. 
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I think a rough analogy might be the case of the passenger car 
engine. No one really cares whether they are traveling in a car with 
a six or an eight cylinder engine. On the other hand, a passen 
car with an 80-cylinder engine would be entirely impractical. Much 
the same reasoning applies here. 

Depending on the amount of thrust you need, a reasonable number 
of clustered engines is very practical—and indeed there are some con- 
cepts that make it very advantageous. For the ambitious projects 
where the thrust is extremely high, it will be necessary to cluster 
larger engines to avoid the situation of a car with 80 cylinders. As 
long as we keep it down to the six and eight cylinder class it will be 
fine. 

Proceeding to the intermediate stage of the vehicle, the thrust will 
range from 10,000 to perhaps a million and a half pounds. In this 
and succeeding stages efficiency becomes progressively more impor- 
tant than in the first. 

At this point, we have rather compelling reasons to utilize high- 
performance propellant combinations, particularly for future large- 
scale projects. Moreover, a new requirement appears—altitude start. 
High-energy propellants, with one exception, provide greater as- 
surance of satisfactory high altitude ignition and eliminate the neces- 
sity for auxiliary starting systems. The reason for this is the fact 
that high-energy propellant combinations are “hypergolic,” that is, 
they ignite immediately upon contact with each other. 

High-energy propellants meet the very important requirements for 
upper stage engines: high performance, higher insurance for satis- 
factory altitude starting, and a simplified engine. These advantages 
outweigh the disadvantages of extra cost and handling complications. 
For at least certain applications clusters of engines will be desirable. 

Final-stage thrust requirements will range one perhaps 5,000 to 
15,000 pounds. High performance and altitude-start performance in 
this final stage are at a still greater premium than for the inter- 
mediate stages. In addition, two new requirements appear: the 
ability to start-and-stop at will, and the ability to throttle as desired. 
The use of high-energy propellant engines in this category is almost 
mandatory. 

For relatively small upper-stage engines we envision simple pres- 
surized systems. Systems of this type require no turbopump. They 
will utilize pressure tanks, propellant valves, thrust chamber, and 
a control system compatible with the degree of thrust control de- 
sired. The result is a very simple, effective space engine. 

(Chart No, 4 follows :) 
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Mr. Horrman. This analysis of engine requirements and attend- 
ant engine specifications leads one to expect future engine develop- 
ments as shown on chart 5. There has been public announcement 
of a contract for an engine in the million pound class. Two ver- 
sions of the 150,000 and 80,000 pound thrust engines are available. 
I would envision a requirement for an engine intermediate between 
the 150,000-pound aa 1-million-pound thrust basic engines, and, 
jn addition, basic low-thrust pressurized high-energy propellant 
engines. 

continuous program of development would insure that over a 
reasonable period of time the basic engines in each category would 
achieve about twice their original thrust ratings. These develop- 
ments would provide our missile industry with a good selection of 
engines for missiles or missile-staging combinations. 

ourrent with the uprating program in some cases, in sequence 
in others, is the adaptation of these engines for high-energy propel- 
lants. The step-shaded area shows the approximate timing for the 
introduction of high-energy propellants into the program for each 
class of engines. 

(Chart No. 5 follows:) 
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Mr. Horrman. A degree of improvement in efficiency, or specific 
impulse, is obtained in the thrust uprating program, retaining con- 
ventional propellants. However, the maximum is obtained when, in 
addition, we introduce high-energy propellants. In chart 6 the red 
bars show the improvements to be obtained with various high-energy 
propellant combinations. In comparison with current conventional 
propellant combinations we may expect an improvement in altitude 
performance from approximately 350 to approximately 450 pounds. 
of thrust per pound of propellant. 

The green bars show the increase which may be expected for the 
storable propellant combinations. As has been mentioned before, 
eurrent storable propellant combination performance is equivalent 
to that obtained with liquid oxygen and RP fuel. With continuing 
research and development we anticipate that a storable combination 
with performance within 10 percent of that achieved with the best 
high-ener, combination is possible. 

(Chart No. 6 follows:) 
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Mr. Horrman. Last, but by no means the least important effort 
in the liquid rocket engine program is that of simplification. In 
chart 7 are shown three stages of a simplification program: 1955 
models in operation today (model T versions) ; simplified engines 
in the early production stage (1958 model) ; and a 1960 model. Note 
the successive reduction in major components from 88 to 33 to 5 
respectively. Each reduction is a great forward step in achieving 
further overall engine reliability. 

(Chart No. 7 follows :) 
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Mr. Horrman. In conclusion, liquid rocket engines provide by far 
the highest current as well as future potential performance in terms 
of thrust developed per pound of propellant. They provide the possi- 
bility of virtually unlimited control of thrust as well as start and re- 
start capabilities. Duration or period of operation is limited only by 
availability of propellants. 

A final very practical and unique feature I would like to emphasize. 
A great deal of thought is being given to the recovery and reuse of 
these valuable space vehicles. It is in this area of recovery potential 
that liquid propellant engines are unequalled. 

On chart 8 we have depicted an artist’s conception wherein a missile 
takes off vertically and is returned to land in the optimum vertical 

sition. Eventually we shall see missile take off and return to the 
aunching site in essentially this manner. Maintenance crews will 
check them out, tankers will pull up for the refueling operation, and 
the missile will be ready for the next flight into space. 

(Chart No. 8 follows :) 
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Mr. Horrman. We have been asked to cover history, present status, 
and development of liquid propellant rocket engines. So we are more 
specific than Mr. Kimball. 

I will shorten this—it is covered in the statement—by simply 

inting out that our entire family of current missiles is taken care 
of with three basic sizes of liquid propellant rocket engines. The 
75,000-pound engine, two makes of 80,000-pound engines, and again, 
two makes of 150,000-pound basic engines. 

Going on to the status, we show here for the purpose of compari- 
son, a German V-2 engine, and a current 150,000-pound basic engine, 
the engines that currently power all of our existing missiles. 

Mr. Mititer. Are they drawn to size or scale? 

Mr. Horrman. These are drawn to scale, so they will give you an 
idea of the reduction in size that has been achieved. The thrust has 
been increased from 56,000 to a basic 150,000 pounds thrust. I have a 
model here of the current engine which might give you a little better 
physical idea of the engine. 

The CuarrMaAn. Where is the model ? 

Mr. Horrman. It will be right up. 

The engine thrust-to-weight ratio over this period of time has been 
improved some 247 percent. Expressed another way, we get three 
and a half times more pounds of thrust for each pound of engine 
weight than on the German engine. Three and a half times more 
pounds per pound of engine weight today. 

The efficiency or specific — has been increased 30 percent. 
The technical expression “specific impulse” simply means the number 
of pounds of thrust one obtains for each pound of propellant burned 

r unit of time. 

This is more or less akin to the miles per gallon on your car. So 
what has been achieved in this country during this period is that we 
got about one and a third times as much pounds of thrust for each 

und of propellant burned as was achieved in the engines of 1945. 
This is reflected in the range and payload of a given missile. 

For example, if you were to take a missile, unchanged in any 
respect, except to put an improved engine of this type in, more effici- 
ent, with higher specific impulse—the range woul improved 125 
percent; the payload, 285 percent as a minimum. 

Expressed another way, this original missile with the same pay- 
load would go better than twice as far. Or if you wish to capitalize 
on this in another way, the same missile could carry at least 314 times 
the original payload over the original range. 

So you can see that, pantiouiaily in missiles, the improvement in 
efficiency or specific impulse pounds of thrust per pound of propellant 
burned, is extremely critical. 

Before we go on to the prognostication of future developments, it 
will be well to look at the requirements and specifications for the 

ines. First we will take up the matter of boosters. 
e Cuarrman. Can poms so see the chart? I believe everybody 
can see it, sir. 

Mr. Horrman. Here we have shown booster thrust plotted with 
ce pe to certain missions. As you can recognize, this is a general- 

chart and, for different designs, these numbers would not be 
accurate. But they do give a feeling for the range. 
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Take, for example, a lunar landing. The only one that. really 
counts is a soft landing, one that you can walk away from. In the 
case of a lunar landing it would require in the order of a million 
pounds of thrust to land a ton on the moon. 

The Cuamman. Wait a minute, you said to land it, or to get it up 
there 

Mr. Horrman, Oh, no; to land it. 

The Cuarrman. A million pounds of-—— 

Mr. Horrman. Of thrust per ton. 

The Cuarrman. That would be in addition to getting it up to the 
moon 

Mr. Horrman. Yes, you would have to slow it down and get it on 
the moon without it being splattered, so to speak; a so-called soft 
landing. 

The Cuairman. It would take a million pounds simply to make the 
soft landing up there? 

Mr. Horrman. Yes, for 1 ton. 

The CHarrman. How much would it take to get the rocket to the 
moon ? 

Mr. Horrman. This million pounds of thrust. 

The Cuarrman. A million would cover getting it up there and 
bringing it in for a soft landing? 

Mr. Horrman. Yes, and you would have subsequent stages, of 
course, to land it on themoon. I will cover that shortly. 

Mr. Anruso. Mr. Chairman, why would you need a thrust to have 
adrop? I don’t understand. 

Mr. Horrman. If you didn’t have a thrust, once you got into the 

savitational field of the moon, it would accelerate and land so rapid- 
iy it would be destroyed. So to simply hit the moon takes far less 
than this. But to aim at the moon and land a weight on the moon, 
perhaps eventually a man, you must land it, a so-called soft landing, 
and for this it takes extra energy. 

Mr. McDonouen. As I understand, the million-pound thrust is 
for delivery, It is not for landing. 

Mr, Horrman. This is correct. 

Mr. McDonovcu. That is 1 ton delivered to the moon and then 
you have retrorockets to land it ? 

Mr. Horrman. That is correct. The million pounds is required 
to get out of the earth’s gravitational field, get into the vicinity of 
the moon, and then these smaller engines that have been mentioned 
before—and incidentally, as I understand on Wednesday and Thurs- 
day respectively there will be—and we are prepared to discuss—nu- 
clear and electrical engines. So I can’t go into those now unless you 
wish me to. 

I am speaking now, trying to establish the thrust requirements for 
the first or booster stages. 

For 5 tons it goes up roughly proportional, 6 million pounds of 
thrust per booster. So you can summarize, first stage booster re- 
quirements for this kind of mission in the range of a million to 6 
million pounds of thrust, depending on the load you want to land on 
the moon. 

Similarly, other missions are on the chart, and I can’t go into 
them. I hope this gives you some feel for why these large thrusts are 


required. 
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For these space missions, multistage missiles will unquestionably 
be required. So we have shown here a typical staged missile. This 
one happens to be three stages. It could be somewhat fewer or more. 
Taking each stage oe ache starting with the booster stage, we have 
already discussed that 6 million pounds of thrust is a reasonable ex- 

tation. 

Considering current missiles, they go as low as 80,000 pounds for 
some applications, small payloads, and not making a soft landing 
on the moon. 

So we could bracket our first-stage thus, 80,000 pounds to at least 
6 million pounds. 

On the first stage, the efficiency or specific impulse is not as critical 
as on succeeding stages. As you go up, the requirement for ef- 
ficiency becomes more critical. A better way to express that might 
be if you put a pound here, you have to add 10 pounds here and 
100 pounds here, use when you take off, this is dead weight, and 
it takes more propellant and missile down here to lift it. 

I hope I make it clear that up here you need very efficient engines, 
because their efficiency or lack of efficiency means that you have to 
multiply the capacity for the lower stages to lift it up. 

In any event, on the first stage efficiency is less critical than on suc- 
ceeding stages, so here we envision conventional propellants. By 
conventional propellants, I refer basically to liquid oxygen and kero- 
sene or, as I will call it later, RP fuel. This propellant combination 
is intermediate in performance. 

However, it does have the very great merit of being extremely cheap. 
Liquid oxygen, one cent a pound—under one cent a pound. RP fuel, 2 
centsapound. Anda good performing propellant. 

It does have one disadvantage, which I think pertains mainly to 
military application. It is cryogenic. The liquid oxygen boils off, 
and without extra equipment, which can be provided if desired, with- 
out this extra equipment it is not immediately ready for a firing. 

So now enters into the picture what we call storables. This is a 
misnomer really but we don’t have a better name for storable pro- 
pellants. What we really mean when we say storable is that it is a 
propellant that can be put in the missile, without doing anything to 
it in the way of extra equipment, that will store and stay in there 
indefinitely without boil-off and be ready for instant firing. 

This is a characteristic of solids. 

I include in my definition of conventional propellants, storables, 
which we now have. They are more expensive than current cryo- 
genics. However, the performance today is equivalent to that we ob- 
tain with our liquid oxygen, RP combination—in fact, slightly better. 
Moreover, we have operated all of our production and experimental 
engines with a storable combination, and our experience has shown 
that with an engine well developed for liquid oxygen and RP, the 
conversion to a storable is rapid, relatively Menighitorera) and asa 
result relatively inexpensive. 

So we envision in these large booster engines that they will use 
present conventional propellants and switch over to storables as rapidly 
as the facilities and availability of storables permit. 

Mr. Wo.r. Will you yield for a question, please ? 

Mr. Horrman. Surely. 
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Mr. Wor. Could you give us exactly the cost of these various fuels? 
I believe you said a cent a pound on this one item, and this is quite 
contradictory to what we got, I think, at Huntsville and Cape Canay- 
eral, both as to the cost. 

Mr. Horrman. I am speaking of liquid propellants. These figures 
are accurate. It is under a cent a pound for liquid oxygen; 2 cents 
a pound for jet fuel or RP or kerosene. 

The Cuarmman. What about solids? 

Mr. Horrman. Sir? 

The CHarrman. What about solids? 

Mr. Horrman. Well, solids, you run into a problem of whether you 
are speaking of the raw materials, after it is mixed, or as cast in the 
engine itself. I think perhaps on that I should yield to Dr. Ritchey 
in a discussion we are going to have tomorrow on solids. No doubt 
they will cover that. 

The Cuairman. We will wait until tomorrow to get that infor- 
mation. 

Mr. Wotr. Thank you. I just wanted to clear that because we had 
been given some figures on liquid oxygen, for example, that were 
quite different from those you gave. 

Mr. Horrman. These figures are correct. I might add that the 
figures of under a cent a pound for liquid oxygen is based on a 
plant on site; and if my memory serves me correctly, I think in tank 
ear-lots delivered to Neosho, Mo. The number that runs in my 
mind is 4 cents a pound. This is small tank-car lots. I will be glad 
tosend you that data. 

Mr. Wo tr. Now I have got the answer as to why there was a dif- 
ference in price, too. 

Mr. Horrman. Delivery cost in small lots—4 cents. 

The Cuarmrman. Are you through, sir? Proceed with your pre- 
sentation of your charts. 

Mr. Horrman. Finally a word about clustering. So much has been 
said about it, I think a little time would be well spent on it. Actually 
clustering, particularly with modernday liquid propellant engines, is 
not only feasible but in some cases actually desirable. 

By having multiple chambers, you get your roll control without 
putting on separate roll control engines. In any event, a rough 
analogy, I think, could be made with your automobile. 

No one really cares whether you go down the road in a six- or an 
eight-cylinder car. On the other hand, you would recoil in horror 
if you had to have an 80-cylinder engine. It would be entirely 
impractical. 

Much of the same reasoning applies here. What you really want 
are large enough units so that you don’t find venerectl in the predica- 
ment of having in effect an 80-cylinder car, so that you can get, say, 
a million pounds of thrust with two or three present-day engines, 
ba good. But not 80 engines, not 20, 30, or 40 engines. 

oing on to the second stage, I have mentioned that performance 
becomes increasingly important. The thrust here will be less, range 
perhaps from 10,000 to 1.5 million pounds of thrust. 

Now, a new gi ge toe comes in, that of altitude start. Prin- 
cipally because of the very great he gra on improved efficiency, 


but also influenced by the fact that high energy propellants facilitate 
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high altitude starting, we envision that as rapidly as possible these 
upper stage engines will use high energy propellants. 
igh energy propellants will give high performance in terms of 
pounds of thrust per pound of propellant. They will facilitate high 
altitude starting because they are hypergolic. That is, when two 
ropellants impinge they immediately ignite so you can throw away 
ignition systems. 

So high energy propellants here, smaller range of thrust require- 
ments; and in certain cases for the more ambitious project at least, 
clustering of engines for the thrust required. 

Going to the final stage—there might be several intermediate stages. 
Incidentally, here is where the first nuclear will come in as an inter- 
mediate stage engine. We believe very definitely it should be pushed. 

Mr. Anruso. What did yousay? I didn’t get that. 

Mr. Horrman. Nuclear engines will find their first use in second 
stage applications. It will make the first stage smaller, enabling you 
to <> more ambitious missions with an upper stage. 

Mr. Moetier. May | ask a question at this point ? 

The Cuatrrman. Mr. Moeller. 

Mr. Moetter. Using nuclear at the second stage, would that also 
eliminate to some extent the dangers of radiation ? 

Mr. Horrman. This would be one of the reasons why we say it will 
be used second stage. Incidentally, another reason you will appre- 
ciate—I can’t go into all the reasons—why we wouldn’t use high 
energy in the first stage is because in general, high energy propellants 
have exhaust problems. 

Mr. McDonovcu. Wouldn’t you have a greater weight in that mid- 
dle stage if you had nuclear propellants there ¢ 

Mr. Horrman. This would be for the very large jobs or missions, 
ambitious missions, probably a half-million-pound-thrust engine. 

Going to the final stage, all of the things I said regarding the inter- 
mediate stage still apply, but the thrust now is still further reduced, 
2,000 to perhaps 150,000 pounds of thrust; and we have still another 

uirement added, restart and throttle. 

or these last stages you want to start and stop the engine and 
throttle once you are out in space. High energy propellants here 
become practically mandatory. 

Finally, in the third stage, for the small engines we would envision 
simple pressurized systems, no turbopumps, pressurized tanks, control 
valves on each of the two propellants, a thrust chamber, and a control 
compatible with the requirements imposed upon the engine for throt- 
tling, restart, and so on, which will vary from job to job. 

I think I have covered the major items there. With the require- 
ments established, we might go on to a prognostication of what. the 
developments might reasonably be expected to be. As has been men- 
tioned, a contract has been announced for an engine in the million- 
pound-thrust range. The use for it obviously is first stage boosters. 
As I mentioned previously, there are two 150,000-pound-thrust. basic 
om in existence. There are two 80,000-pound engines. 

would envision a requirement for an engine midway between the 
150,000- and the 1,500,000-pound-thrust, put it down as 300,000. Also, 
& requirement for something in the order of a 10,000-pound pressur- 
ized engine with high energy propellant—the engine I mentioned last 
on the previous chart. 
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All of these engines can and should be uprated. Any basic engine 
has a capability in initial development through a continuing process 
of going to about twice its original thrust. So we could anticipate 
eventually doubling each one of these basic engines, up to as much as 
2 million. 

The other thing shown on this chart, this step-shaped area, repre- 
sents where you might well expect to introduce high energy propellants 
into the picture. Immediately in the case of the small engine, and as 
you go up the line here, as soon as the basic engine is running well] 
enough, you would use that hardware, put the high energy propellant 
adaptation in. 

Two things happen when you upgrade an engine. One, the up- 
grading, per se; and the other is an improvement in efficiency which 
invariably follows along with the uprating. 

However, to obtain the maximum in uprating, you change your 
propellants. On this chart we have shown in red here, the red bars, 
the improvement in altitude performance or pounds of thrust per 
pound of pronelate burned that can be anticipated for liquid engines, 
roughly from 350 to 450 pounds of thrust per pound of propellant 
burned. 

In the category of storables or instant ready propellants, as I men- 
tioned before, today we have them with a performance equivalent to 
our LOX—liquid oxygen—with RP propellant. These green charts 
represent our estimate of what can be done with storables. | 

We expect them to go up to within 10 percent of what is achieved 
with high energy propellants. These are nice high-performance 
figures. 

Last but not least, on simplication, here we show 1955 model engines 
that are flying today; also a 1958 model in early production; and the 
1960 model now on the test stand. The number of components: 88, 
33, and 5. I need not dwell on what this will do to further improve 
efficiency of engines. 

Finally, in conclusion, to summarize all this, liquid rocket engines 
provide by far the highest current as well as future potential perform- 
ance in terms of thrust developed per pound of propellant. They 
provide the possibility of virtually unlimited control of thrust as well 
as start and restart capabilities. Duration or period of operation is 
limited only by availability of propellants. 

Finally, a very practical and unique application which applies essen- 
tially, I believe, only to liquid rocket engines, this ability to operate 
over and over again will be applied to recoverable missiles, particularly 
recoverable boosters. 

Here we show an artist’s concept of a missile taking off, the booster 
being landed in the optimum condition, vertically, all ready to take off 

ain. 
ceemiite, I am sure sometime in the future we shall be seeing these 
big space missiles take off and be recovered in a manner somewhat 
similar to this—the maintenance crew going over it, tightening up the 
pipes and valving, running your tanker trucks in, putting in perhaps 
our 1- to 2-cents-per-pound fuel, and being ready to take off again for 
another trip into space, pretty much the way airplanes take off today 
for San Francisco and Los Angeles. 

Thank you, gentlemen. 
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Mr. McDonoven. How are you going to control the descent of that 
booster so it will be in good condition when it lands? 

Mr. Horrman. I mentioned this as an artist’s concept. However, 
it is not entirely impractical. I think it might be done. I call your 
attention to the fact that we are engine men, basically, not missile 
men. However, the concept here, you see, when you take one off, it is 
very heavy and you need tremendous amounts of thrust—say your 
6 million pounds of thrust. Here it is. The weight is 4 million 

unds. 

When a booster has done its job it is dropped, jettisoned. At that 
stage all the propellant has gone in it and the weight now drops way 
down, perhaps 200,000 pounds. You bring it back down probably 
with some parachutes. But we have shown here when it gets down 
close to the ground, you use air-breathing engines, perhaps in combi- 
nation with smaller rocket engines. 

The Cuatrman. Do you use that principle for a guided missile, to 
bring in - ballistic missile so you can slow it down and guide it toward 
its target ¢ 

Mr. Horan. No; you wouldn’t want to do it for a guided missile. 
The only reason we have shown an air-breathing engine is as you 
bring it down and come back into the atmosphere, you have air; you 
get it for nothing; the weight is now very small. 

The CHarrMan. Would it give you some ability to bring in, for in- 
stance, a missile delivering supplies or a missile delivering troops, 
which might be slowed down in the same way ¢ 

Mr, Horrman. Perhaps, yes. 

The Cuarrman. Then why wouldn’t it be advisable to have a bal- 
listic missile that could be slowed down so that you could bring it to 
the proper target ? 

Mr. Horrman. I think there is some merit in it as applied to deliv- 
ering supplies or troops. 

The Cuatrman. Have you given it thought? 

Mr. Horrman. As I mentioned before, we are engine people. We 
have given a lot of thought to this and have been promoting the idea 
with missile people for the very obvious reason that it does capitalize 
to the fullest on this unique feature of the liquid engine, that you fire 
it once and bring it back down and simply pour fuel in it and take off 
again. It isa good concept. 

The Crarmman. I want to say to you, sir, that most of the commit- 
tee has had the pleasure and the privilege of being at your plant in 
California and being briefed by your people there. We had a very 
successful trip and we learned a great deal from the operations of 
your plant. Bo we do appreciate your being back here with us this 
morning. 

We have this morning two witnesses, at least, from Thiokol. If 
it is all right with the committee, | suggest that before we question 
Mr. Hoffman—because we all have a lot of questions to ask him— 
that we hear from Thiokol. They have come a long way. Then 
this afternoon I think we will have to meet for questioning. 

I would like it that way because we have a better attendance in 
the morning than we do in the afternoon. I would like for the whole 
committee to hear Thiokol, too, 

We have Dr. Ritchey from Thiokol, and Mr, Thatcher from 
Thiokol. 


44 SPACE PROPULSION 


Dr. Ritchey, you are vice president and technical director of the 
Rocket Divisions of Thiokol Chemical Co. ? 

Dr. Rrreueyr. That is right. 
a Cuarrman. You are located in Bristol, Pa., and Huntsville, 

a. 

Dr. Rrreney. Bristol, Pa. 

The Cuamman. Mr. Thatcher is the manager, advanced engineer- 
<p department, Reaction Motors Division of Thiokol from Denville, 

J. 


Mr. Tuatcuer. Correct. 

The Cuatrrman. We are happy to have you gentlemen here. Do 
you have a prepared statement ? 

Dr. Rrroney. I do not have. Mr. Thatcher does. I thought I 
would like to lead off with just a few comments on some things that 
I heard this morning 2nd some other generalities, if I may. 

The Cuarman. All right, sir. We want the full committee to hear 
you and Mr. Thatcher both this morning. If you will proceed, we 
will appreciate it. 


STATEMENT OF DR. HAROLD W. RITCHEY, VICE PRESIDENT AND 
TECHNICAL DIRECTOR, ROCKET DIVISIONS, THIOKOL CHEMICAL 
CORP. 


Dr. Rrrcnry. There were two or three matters brought up earlier 
which I would like to make a comment on very briefly. One of 
them is the matter of duplication of effort. 

If we look at the general industrial complex in this country, we 
find a lot of duplication of effort. In particular, one of these is the 
oil industry where I think you can say there is a tremendous amount 
of duplication of effort. On the other hand, the oil industry and 
many others like it are pointed to as being a very, very healthy in- 
dustry and a typical example of what private enterprise can do to 
increase or raise the standard of living. 

I submit to you gentlemen the basic thesis that some duplication of 
effort, or perhaps we should beter call it competition, is very desirable 
in any activity; and this also applies to space technology. 

The Cuarrman. What do you have in mind? Do you want more 
competition than you have now ? 

Dr. Rrreney. I thought in hearing the discussion this morning 
eng there was some tendency to have less competition than there 
is at the present time. Certainly what we have now in general consti- 
tutes in my own opinion the minimum. 

The Cuarrman. Just proceed, then, with your statement. 

Dr. Rrrcnry. The next one involves what appears to me, in look- 
ing back at our past history, as overconservatism and procrastination 
as representative of the general attitude of the country in this field, to 
the point where I think we could almost quote Shakespeare as being 
descriptive of the situation when he said, “Tomorrow and tomorrow 
creeps forth this petty pace”—or something to that effect. 

What we have done is essentially this. We have always waited for 
something better. I think it is very worthy that we proceed aggres- 
sively with such advanced proplusion systems as nuclear-powered 


rockets and ion propulsion, and even gravity screens if you want to 
go that far. 
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But the danger is this: as we get almost to the point of having 
nuclear propulsion, someone says, “Let’s wait for something else that 
is going to be a little bit better.” If we keep on waiting we will never 
have what we need. If we are going to get into space in the next few 
years and really make progress in this field, we will do it with what 
we know how to do now, and that is our chemical propulsion systems. 

I feel that we need to approach very aoe the development 
of the chemical propulsion systems in the direction of the very best 
that we know how to do. There is a real danger that we will relax 
once more and say, “this particular thing is good enough for this 

rticular mission that we have in mind,” because 2 or 3 years from 
now we will conceive another mission, and we won’t have the hard- 
ware we need to accomplish it. 

With these general observations, I would like to turn the technical 
session over to Mr. Thatcher. 

The Cuatrman. Mr. Thatcher, you have a prepared statement. 
Would you proceed, sir. 


STATEMENT OF ALBERT G. THATCHER, MANAGER, ADVANCED 
ENGINEERING DEPARTMENT, THIOKOL CHEMICAL CORP. 


Mr. Tuatcuer. Gentlemen, in the next 15 minutes or so I would 
like to transmit to you some of the general tends and recommenda- 
tions regarding <— rocket propulsion for astronautic applications. 
I suggest that to follow me better, perhaps you follow this black and 
white series of papers. I think there are six in all. And refer to 
them as figure 1 to 6 when I call it out in the text. 

The first part of my paper will review some of the fundamental 
trends in liquid rocketry in order that the recommendations which 
follow can be fully appreciated. 

I would like to introduce the subject of fundamentals by pointing 
out the significant influence of the two most important factors affect- 
ing the performance of a rocket vehicle. These are specific impulse 
(pounds of thrust per pound per second of propellant ejected) and 
mee fraction (fraction of propulsion system weight which is 
usable propellant). 

Figure 1 illustrates the effect of tliese parameters on the weight of 
payload which can be placed in a #00-mile orbit, with a vehicle ap- 
proximately the size now in operation (200,000 pounds). The shaded 
area in the lower right denotes the regime of chemical rockets (solid 
and liquid). It is interesting to note the spread in orbital payload 
capability from the early 200 specific impulse chemical rockets to the 
potential 400 specific impulse systems—an increase of about 12,000 
pounds of payload. 

Right now as you know we are operating in the lower right hand 
quadrant of that sphere with our | a inone in the neighborhood of 
several thousand pounds of payload. 

However, since we expect to fully exploit the potential of the chemi- 
cal systems in the foreseeable future, we must look to the nuclear heat 
exchange system for further payload ne This type of rocket 
is in an entirely different specific impulse regime since it can utilize 


ideal working fluids. 
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Again, one can appreciate the tremendous significance of specific 
impulse on payload capability, notwithstanding the predicted de- 
crease in propellant fraction largely due to the heavy reactor weight 
With this background on the general spectrum o thermodynamic 
expansion rocket cycles, we will proceed to probe further into the 
liquid rocket versions of the chemical systems, which is the on] 
source of propulsion energy available to us in the immediate future. 

First let us examine the progress being made in moving upward 
through the chemical system spectrum indicated on figure 1, by im- 
provement of those two all important snhdinabits—-dguecttic impulse and 
propellant fraction. Figure 2 plots the trends in these parameters 
over a 20-year period, eight of which are peering into the future. 

(Figs. 1 and 2 follow :) 


Figure 1 
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Mr. Tuatcuer. The cryogenics (liquified gases) offer the highest 
specific impulse potential, but due to their low bulk density, they 
require more hardware to contain and feed them to the combustion 
chamber. Hence their propellant fraction is limited even with the 
turbopump feed system. As you can see, they are the highest posi- 
tion in the lower specific impulse band, and they occupy the lowest 
in the top band of propellant fraction. 

Conversely, the storable propellants do not have the specific impulse 
potential, but can achieve hig! propellant fractions. The pressure- 
fed storable system is somewhat inferior in propellant fraction, but 
can play an important role in space missions due to its inherent sim- 
plicity and reliability. Reaction Motors Division of Thiokol Chemi- 
cal Corp. has recently initiated production of this type of powerplant 
in Bristol, Pa. 

Monopropellants (liquids which can be decom exothermally 
to create hot gases) are the laggards of the liquid propellant family, 
They are plotted here because of their important contribution to space 
vehicle attitude and velocity control where a premium must be placed 
on precision rather than performance. 

So much for the trends in performance parameters—now let’s exam- 
ine the role of the liquid rocket in space. First, why must we put up 
with liquid propellants when their solid cousins do not have the 
complexity nor the toxicity or volatility problems to contend with? 
There are many reasons why liquid propellant systems are destined 
to play a predominant role in space. The most significant are: 

 & The highest specific impulse is attainable opening up many new 
facets of space exploration. 

2. Long-duration firings are attainable, thus minimizing staging 
and acceleration loads. 

3. “In flight” throttling and restarting can be accomplished “on 
command.” 

4. The extremely low temperatures of space can be tolerated—even 
to the point of allowjng propellants to freeze during coast or storage 
periods and thawing ped to reuse. 

5. Lowest structural weights (or high propellant fractions) can be 
achieved by the turbopump feed system. 

6. Safety, commensurate with human payloads, can be designed into 
the liquid systems, greatly enhancing the possibilities of survival when 
reliability falls short of 100 percent. 

Now let us examine how these inherent features of the liquid pro- 
ulsion systems contribute to astronautics and space exploration. 
heir applications lie in four distinct types of propulsion systems, all 

of which are vital to i pee. vehicles. These are boosters, intermediate 
and top stages, manned vehicles or stages, and reaction controls. 

Figure 3 illustrates the trends in terms of thrust size for each of these 
types of systems over a 20-year period ; again, an attempt has been made 
to forecast the not too distinct future requirements. With this chart 
as a reference, I would like to devote the remainder of this paper toa 
discussion of the present and future needs and requirements in each of 
these four categories. 
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Mr. Tuarcuer. First let’s talk for a minute about boosters. Figure 
3 indicates that booster thrust ratings in the 1 to 10 million pound class 
must be available to support payloads commensurate with manned 
space exploration. There is little doubt that this represents the larg. 
est present and future investment of the four propulsion categories, 
For this reason we must continually search for the most economical] 
method of providing this tremendous impulse to our satellite and 
“escape” payloads to overcome the earth’s gravity. The obvious pos- 
sibilities are: 

1. Recovery and reuse of the current “sophisticated” booster hard- 
ware. 

2. The use of less complex and cheaper, expendable type boosters 
using a gas pressurized storable liquid or the solid fuel type of rocket. 

3. The use of recoverable vehicles, powered by air-breathing en- 
gines, or the hybrid type of air-breathing-rocket cycles. 

Continuous study and state-of-the-art improvement should be con- 
ducted on those systems which show economic and technical promise. 
Approach 2 above (cheaper expendable boosters) appears to be the 
most promising candidate for expanded effort at this time, and pro- 
pulsion units in the 1-million-pound-thrust class should now be 
evaluated. 

It goes without saying that a strong basic research program on the 
nature of gravity is fundamental to eventually improving upon these 
“brute force” techniques of escape from our planet. 

Since staging is a relatively recent technique in our rocket time- 
table, we have naturally employed our booster propellants and design 
techniques to satisfy those suddenly needed upper stage requirements. 
However, top stages demand a higher degree of performance and op- 
erational flexibility, and consequently increased intensity of develop- 
ment effort in this area is needed. 

The course of these future developments will be largely influenced 
by two important considerations : ; 

1. How does the degree of refinement in top stage performance affect 
the overall economics of cost per pound of payload ? 

2. What propellants and/or conditioning devices will be necessary 
to insure the compatibility of propulsion stages in outer space and 
other planetary environments. 

Economic considerations alone lead one to the conclusion that top 
stage performance is all important in reducing the cost per pound of 
payload launched into space. This is because of the pronounced effect 
of ea stage performance upon the size and gross weight of the entire 
vehicle. 

Figure 4 indicates the magnitude of the economy which can be ef- 
fected, as we continue to exploit the performance inherent in our 
higher energy chemical systems. It also indicates that the higher 
propellant fractions obtamable with the more complex turbopump 
feed systems, is warranted when equivalent reliabilities can be ob- 
tained. 
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Mr. Tuarcuer. Our first recommendation on top stages is then: 
wherever reliability, environments and operational demands permit, 
“sophisticated” and high performance top stages will more than pay 
for themselves. This calls for an expansion of our current effort in 
this area. This effort should take the form of broadening our applied 
research base in the high energy cryogenic engine area, as well as im- 
mediately incorporating our present knowledge into higher thrust en- 
gines to be matched with the forthcoming larger boosters. 

As mentioned above, environments may well influence the types of 
propellants which are compatible with outer space and planeta 
missions. Here, top stages may take the form of orbital staging, or 
refueling in orbit, prior to achieving escape velocities. Figure 5 pre- 
sents the temperature extremes on the planets of immediate interest 
compared with the practical liquid ranges of some typical propel- 
lants. The bars on the left represent usable liquid ranges and on the 
right they represent the temperatures on the planets of interest. The 
significant aspect of this curve is that higher temperature limit of 
the storables is perfectly compatible with the temperature on the 
planets as we know them today. 
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Figure 5 
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Mr. Tuatcuer. Unlike water, most propellants contract on freez- 
ing. Therefore, the lower temperature limit is of little significance 
when long coast periods in space or stowage of propellants on planets 
or space stations are considered, that is, we can allow the propellants 
to freeze. 

The upper temperature limits of the cryogenic systems should not 
limit their use in outer space with proper radiation shielding; how- 
ever, stowage on the planets appears to require refrigeration. Hence, 
the so-called “storable” propellants may well find important applica- 
tions where storage, refueling, or restarting is necessary from orbiting 
space stations or on the moon or planets themselves. Our second ree- 
ommendation under the category of top stages is then as follows: 
chemical research directed toward the synthesis of higher perform- 
ance storable oxidizers should be expanded to elevate the performance 
of the storable propellant systems—and there are promising theo- 
retical chemical compounds which can be exploited. 

In addition, current storable propellant rocket technology should 
be incorporated into the development of restartable, propulsion stages 
for lunar and planetary exploration where temperature environments 
may limit the use of cryogenics. Figure 6 represents an artist’s con- 
ception of such a stage which could be launched in less than 2 years, 
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Mr. Tuarcuer. The next category which I would like to speak 
about is manned vehicles. 

This term applies to any vehicle or final stage where man is part 
of the payload. The presence of man has two significant influences 
upon the propulsion system which differentiate it from the unmanned 
type. First, he usually demands more controls such as thrust level, 
on-off, and an idling or check-out phase. Second, he demands either 
100 percent reliability, or complete safety in escaping when relia- 
bility falls short of 100 percent. Experience has demonstrated that 
the reliability of a complex machine such as a space vehicle is always 
less than 100 percent. 

Hence, it is imperative that we design our final manned propulsion 
stages in such a way that malfunctions will not destroy the vehicle or 
pilot, but will permit him to either return the vehicle to its base or 
provide him with sufficient warning or “safe time” to actuate his 
escape system. Emphasis in recent years has been on engines for 
ballistic missiles, and it is a tempting prospect to convert a missile 
propulsion stage to a manned application. However, this is not eas 
to achieve in actual practice without sacrificing our safety standards, 

Manned payloads are essential to fully explore space and to obtain 
the antes return on our large investment in space vehicles. This 
has been conclusively demonstrated in the high altitude, high s 
research aircraft programs conducted in recent years by NASA, pri- 
marily with engines manufactured by Reaction Motors Division of 
Thiokol. In order to accelerate our manned spacecraft capability we 
must expand our effort in improving the reliability and safety of our 
rocket engines by taking a rigorous design and development approach 
such as has been done on the X-15 rocket engine. At the same time 
we must upgrade in performance the few existing propulsion sys- 
tems which have inherent manned safety characteristics, in order that 
they can be applicable to early manned flights. 

Now, a word about reaction controls, which is the fourth applica- 
tion of liquid propellant engines. 

These small multiple rocket engine systems will become increasingly 
vital to our future space vehicles. They will not only provide orien- 
tation of the vehicle in space (that is, pitch, yaw, and roll—analogs 
to aerodynamic surfaces in conventional aircraft) but will also pro- 
vide a vernier control of velocity for entering, or changing orbits 
or “parking” at a space station. 

ot unlike our current aircraft, these controls forces are small com- 
pared to main propulsion systems. However, they must be extremely 
precise, reproducible and reliable. Monopropellants have been 
favored for these applications, primarily for their precision in start- 
ing, stopping, throttling or vectoring, as well as the inherent reliabil- 
ity of their catalytic process of releasing energy. 

However, the weak chemical bond which allows the energy release 
on decomposition, also tends to make most of these liquids unstable 
in the presence of heat, contaminants or shock. Hence the possibility 
of synthesizing a higher performance monopropellant, which has an 
acceptable stability level for space environments and use cycles, seems 
somewhat remote. We recommend immediate use of available proven 
low performance monopropellants such as hydrogen peroxide. 
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However, we do believe that with a moderate improvement, present 
small storable bipropellant systems can provide comparable precision 
and reliability with considerably higher performance. Such an in- 
vestment in our opinion will be more fruitful than attempting to 
“tame” some of the potentially higher performance monopropellants. 

In conclusion, I realize that the above recommendations seem some- 
what detailed to anyone not intimately associated with the propulsion 
field. However, they are fundamental in implementing the future 
course Which we in Thiokol feel the space program should follow. 
Our major policy recommendations in this regard are as follows’ 

1. In order to reduce our high cost of launching payloads into 
space we must improve the performance of our top stages and sim- 
plify or recover our booster stages. 

2. We must gear our program to the launching of men into space 
in order to effect reliable and scientifically fruitful missions. 

3. In order to effectively “escape” from our planet we must either de- 
yelop our orbital refueling sachulduns or even larger boosters than 
resently contemplated, depending upon the relative cost of sendin 
hinge payloads into space missions. We feel it has been a great privi- 
lege to appear before the Science and Astronautics Committee with 
our views on rocket propulsion. I thank you very much for your 

kind attention. 

The Cuairman. Thank you very much, sir. 

Let me ask you this, Mr. Thatcher, you and Dr. Ritchey, can you 
be here this afternoon. 

Mr. Trarcuer. Surely. 

The Cuarrman. What about Mr. Young and Mr. Hoffman, can you 
be here ? 

Mr. Youna. Yes, sir. 

The Cuarrman. We have had an opportunity of questioning Mr. 
Kimball, so it won’t be necessary, unless there are further questions, 
for him to be back this afternoon. We would like to have you back 
at 2:30. We have to adjourn now because we have a bill on the floor 
of the House coming up the first thing. 

But if there is no objection, the committee will recess until 2:30. 
Have your questions ready and we will then proceed to question the 
witnesses. 

(Whereupon, at 12 noon, the committee recessed to reconvene at 
2:30 p.m. the same day.) 


AFTERNOON SESSION 


The committee met at 2:40 p.m. in room 3214, New House Office 
Building, Hon. B. F. Sisk presiding. 

Mr. Sisk. The House Committee on Science and Astronautics will 
come to order. It is my understanding that Mr. Robert B. Young 
still has a statement to be made. 

So, if Mr. Young will take his place at the witness table, we will be 
glad to hear that statement. ai 

Mr. Youne. Mr. Chairman, I do not have a prepared statement. 
Mr. Kimball gave the statement this morning for the company, and 
Tam here to answer any questions that may be put to me as repre- 
sentative of Aerojet. 
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Mr. Sisk. Then I believe we will have Mr. Hoffman, Mr. Young, 
Dr. Ritchey, and Mr. Thatcher; if all of you gentlemen will make. 
2a gla available there in the front row for questions, we will pro- 
ceed. 

I might say that the chairman of the committee, the gentleman 
from Louisiana, Mr. Brooks, will be along very shortly, but he was 
detained momentarily on the floor to get a little bill through over 
there. So he asked me to proceed here to to cover the territory, 

The Chair will recognize the gentleman from Pennsylvania, Mr, 
Fulton, for such questions as he has to direct to the witnesses, 

Mr. Fuuron. I would like to ask as to the various methods, types 
of propellants: Are we going fast enough on each type in research 
tg development compared to the others? Are we lagging in any 
particular type of propellant agptlan 0r or should we put more 
emphasis on one type rather than another ¢ 

r. RrrcHey. tein start this off. Perhaps someone else will have 
comments when I finish. 

Our propellant development work has up to now been pointed 
passa towards systems application. I would believe that there 
could be a lot done, both in the liquid field and also the solid field, 
to explore the potentials of higher energy materials. Actually, we 
are still operating on compounds that were known as long as 50 
years ago, 

There has been very little done, or let’s say not anywhere near enough 
done, to explore the potential of newer chemical compounds, 

Mr. Fuxron. I have had a resolution prepared that I have not 
put in yet to go into basic research as distinguished from applied 
research in the fuel and propellant field generally, and maybe make 
a full survey of the field and see what we can do on basic research. 

Would you favor such a program ¢ 

Dr. Rrrcuey. I would indeed. I feel that there is not anywhere 
near enough being done along these lines. We have been very de- 
ficient in the money that has really been earmarked for basic research 
in the past. 

Mr. Futon. Would you feel that that study should be under any 
particular grouping, like, let’s say, the National Science Foundation? 
Or should it be parceled out to universities or how would you go 
about it ? 

Dr. Rrrcnery. That is a rather sizable question. Of course there 
is, for the first time, a rather sizable amount of money under the 
ARPA that is going out for certain phases of work in this field. 

Mr. Fuuron. Would you then combine ARPA, NASA and the 
National Science Foundation possibly in such a study? Would you 
combine the three agencies into some sort of a joint study of propel- 
lants and fuels in order to get basic research done which is really 
ar ieee base and pretty expensive for any particular company 
to do 

Dr. Rrrcnry. My own feeling is that there was a fairly adequate 
structure already established before these changes took place. This 
structure was administered under the three branches of the services 
in their own laboratories, and though the contractors which they had 
under their cognizance, and also through the research organizations 
they had, for example the ONR and OOR and the Air Force’s OSR. 
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Mr. Fuiron. But. of course that has been changed so there is no 
use trying to go back and unscramble the hash. I am asking with 
what we have now, how would you make such a study of basic research 
in fuel and propellants ? 

Dr. Rrreney. Frankly, I don’t know. 

Mr. Furron. Do any of you other gentlemen have any suggestions 
and if you do want to put them in the record later, I am interes 

Mr. Horrman. These various organizations are still in existence 
and can and still do put out this sort of research contract. I might 
mention here that actually the basic research usually doesn’t involve 
enormous amounts of money. In this area we shouldn’t be concerned 
about duplication. 

As a matter of fact, I think it is desirable while you are still in the 
basic research stage, developing new fuels and propellants. Asa mat- 
ter of fact, I believe a gentleman on this committee has a bill prepared 
advocating as far as industry would be concerned, at least—well, it 
would hold for universities as well—that a certain percentage of the 
value of contracts be allocated and applied to basic research. I think 
this sort of bill, if passed and applied, would be helpful. So then 
all of the existing and future contracts would automatically have 
built into them basic research funds. 

Mr. Futron. But the trouble is, unless you justify your basic re- 
search in each case, you get pretty much that. You just have a spare 
pocket of money that you can use without any particular watchdog 
on it. I would oppose any particular percentage being taken right 
across the board. 

Mr. Horrman. The percentage would be permissible and you would 
monitor it at the end of the year. Of course, one of the basic prob 
lems about. basic research is that if it is basic when you start in on it, 
you don’t know exactly where you are going to end up. And as was 
mentioned previously this morning, the things that you find are not 

ractical are part of the job and are worthwhile, and to a degree at 
east, this money is as well spent as when you end up with something 
that is usable. 

In other words, you have to toss out in basic research perhaps a good 

reentage of what you might have hoped to gain when you start out. 

ou never gain all of it. 

Mr. Fuiron. My proposal is really aimed at making a team pos- 
sible—NASA, ARPA, and the National Science Foundation—to 
into the fuel field extensively and make a survey or a canvass to see if 
fuels, other than just the ones we are using, can’t be used. 

My point is to maybe get a basic study going, that we would get 
some money in the budget for basic research as distinguished from 
applied research. What do you think of that? 

Dr. Rrrcuey. The ARPA approach to this thing as a matter of 
principle, is fundamentally sound. As I see it, they took the view 
that the people who are in the business already were too inhibited by 
what they knew couldn’t be done. So a certain percentage of this 
budget—how much I am not sure—I would say roughly half of it at 
least, went for an absolutely new approach in this field. From a 
research standpoint, I don’t think anyone who has administered 
research can quarrel with this kind of a concept. 


| 
| 
| 
| 


60 SPACE PROPULSION 


However, it is my own experience—and I would like to ask the 
people from the other companies if their experiences confirm ours— 
our own research budget in the rocket business has not increased one 
iota. In fact, it has actually decreased to some extent since this new 
system was set up. 

I believe that this is basically wrong, if not from the standpoint 
of originality of ideas, at least from the standpoint of motivation 
because those of us who are in this business, iad: make our living by 
making better rockets, certainly have a very strong motivation to do 
some very effective research in this field. 

Mr. Furron. May I hear from the other gentlemen who haven't 
spoken, and we are through. This is on the problem of a basic re- 
search study in the fuel and propellant field, missiles, rockets, and 
allied programs. 

Dr. Rrrcney. As I understand, you are asking us if the research 
picture has improved any under the new setup? 

Mr. Futron, I am asking you, should we not have a study made, on 
a basic research basis, of fuel and propellants, pulling together various 
Government agencies to do it and maybe bringing in business as well, 
ant look at the whole field on a general survey. Would you favor 
that ? 

Mr. Youna. Yes, I would say that we would favor this. This is 
something that in the liquid rocket field 

Mr. Furron. Would you identify yourself each time? 

Mr. Younc. I am Robert Young of Aerojet. In the liquid rocket 
field we have been hampered by lack of propellants as we call them, 
having to use what we have. The chemical industry has not come 
up with anything new, and such a program needs to be undertaken 
just as it has been in the solid propellant field. 

As to the administration of it, that is not for industry to say. 
Certainly the chemical industry should participate because they have 
the basie capability, having developed other fuels for other purposes, 
and how it was administered by the Government can be decided by 
other than we. 

But certainly within the framework of the agencies that now exist, 
this can be done. 

Mr. Futron. You don’t have the money, do you, to go into the 
theories of the change in basic structure of molecules or atoms or the 
building up of different cellular structures, You don’t. have that, 

you? 

Mr. Young. No, sir, and this is what should be undertaken—the 
investigation of the synthesis of new compounds, if you will, that 
will go as liquid propellants. Perhaps nothing will come of it, buts 
at least it should be explored by people and groups that are compe- 
tent in this field. 

Mr. Futon. I note for the interest of the chairman from Louisi- 
ana that I have in mind possibly synthesizing oil into a different 
molecular structure and coming up with maybe a different type of 
afuel. Would that not. interest the chairman ? 

. The Cuamman. We have.plenty of oil and surplus oil. We would 
certainly contribute it.to the program. 

Mr. Furron. And coming from, a coal district. in Pittsburgh—— 

Mr. Youne. Let’s not overlook oxidizers too, Mr. Fulton. 
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Mr. Fuxiron. Could we ask you, then, on these new mineral and 
chemical fuels, say on boron, do you have any money or any room 
in your budget for basic research on that ? 

Mr. Youne. Not in direct connection with the application to rock- 
ets, although the boron fuels have been investigated mainly in con- 
nection with air-breathing engines. 

Mr. Furron. But I am really taking you one step further and say- 
ing, have you tried these things that have had other applications, 
instead of in oil and in coal, now to pick up boron, say, have you 
had the money to do the transposition into the rocket and missilery 
field ? 

Mr. Younc. We haven’t had the money, and I am not sure that 
there is a payot in that particular instance. We would like to see 
the element fluorine compounded or presented, formulated in a dif- 
ferent form so it is more usable, because it represents a very high 
energy potential. But the element fluorine is expensive and hard 
to handle, as you know. We would be interested in synthesized 
fluorine compounds which are more readily available, easy to handle. 

Mr. Fuuron. Would cesium research be advantageous at this time 
or not ? 

Mr. Youna. I beg your pardon ? 

Mr. Furron. Cesium research. 

Mr. Younc. Not to my knowledge. I don’t know what these 
gentlemen would say. 

Mr. Horrman. I think we would all agree as liquid rocket people 
that one improvement would be to do with liquid propellants the 
same job researchwise that has recently been done on solids—that is, 
to get the chemical industry working on the propellant, per se. 

belive we would all feel, too, that we pint do more work on the 
known propellants in research in applying them to small rocket 
engines to check out their performance and possible problems. 

r. Futron. So if we al look at the overall field, without talk- 
ing about these particular compartments between solid and liquid, 
we might get a better approach out of it, especially if we will recan- 
vass the applications we have already had and follow out some of the 

rojects that nobody—when they have made a turn of an angle they 
Semn't gone ahead and done the further exploration that might be 
done on many old-type fuels. Is that not the case? 

Dr. Rircney. If you will put that in the form of a motion, I will 
be glad to second it. 

Mr. Futron. Thank you. I appreciate it. 

Dr. Rrrcuey. Because really what we need to do is have explora- 
tory work in the realm of new chemical compounds which could 
potentially have a tremendous payoff. Really there is no funda- 
mental difference, looking at the laws of nature, in the long run, 
between solids and liquids. It is a matter of unlocking the laws of 
nature and finding how to put our best fuel combinations together. 

Mr. Fuuron. I am glad to hear you say that, because obviously you 
change both of them to gas at the time of use, whether it is solid 
or liquid. So it is just your source and your container that is the 
difference, possibly. 
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Would you then, all four of you, favor some sort of a basic research 
on fuels to get a field survey of current fuels resources and their pos- 
. sible application to missile and rocket fields? 

Mr. Horrman. That, sir, has been done. In fact I think the sur- 
veys have been done too much. We could have another one, but the 
real thing is to proceed with the basic research. 

Mr. Fuurron. I would say to you that I think it has been done a 

ood bit, from some little experience I have had, in compartments, 
When I get off the liquid fuels, then one of you here says “Well, that 
is out of my field.” ‘That would mean that we may not have had the 
interlocking balances worked out. 

For example, could I say to the gentleman from Aerojet, have you 
worked with hydrogen ? 

Mr. Youna. Yes, sir. 

Mr. Fuuron. Do you consider that a liquid fuel ? 

Mr. Youne. Yes, we do. 

Mr. Futton. Have you worked with this fuel, Arcia? 

Mr. Youne. I do not recognize it. 

Mr. Fuuron. Or Phillips petroleum type. 

Mr. Horrman. That is aa solid fuel. 

Mr. Youne. That is beyond my field. 

Mr. Futon. Don’t tell him. I am trying to show the liquid people 
don’t know the solids. You are helping me because I am saying that 
as soon as they get out of a narrow field, they don’t know what the 
fuels are. 

Mr. Youne. But the chemists do. 

Mr. Fuutron. The point of my questioning is to show that possibly 
we are compartmentizing too much in our science and we should get 
an overall view and see what fuels we presently have, or by change of 
synthesis and molecular structure we can turn into something new by 
a combination and put them into the missile and rocketry field. 

Thank you very much. 

The Cuarrman. Mr. Anfuso, any further questions? 

Mr. Anruso. I will ask this question either of Mr. Hoffman or Mr. 
Thatcher or Mr. Young. What are the proper places of conventional 
and exotic chemical fuels? Should we look forward to using exotics 
exclusively, or are there economic and technical reasons for sticking 
to conventional fuels for many purposes ? 

Mr. Horrman. I will take that, if you wish. On the charts, I men- 
tioned that since performance is not of extreme importance in the 
first stage, we envision that conventional propellants would be used 
there because of cost consideration. 

You will recall that I mentioned I included storables, for instance, 
liquids as being in that same category. 

So heré within that definition of conventional propellants, I would 
envision that we use conventional propellants of intermediate per- 
formance and low or modest cost. 

As you go to the other extreme on the final stage—this was empha- 
sized—that here performance is so important that it becomes almost 
mandatory to use the high energy propellants. The only cases you 
wouldn’t use them would be if for some reason they wouldn’t be appli- 
cable to storage under space conditions for long periods of time. 


SPACE PROPULSION 63 


Mr. Anrvuso. You would use strictly conventional propellants then 
for the first stages, and then you would go to— 

Mr. Horrman. High energy for the upper stages, and in between 

ou would probably, in certain cases, use one and in certain cases, the 
other, but more likely high energy propellants for intermediate stages 
well. 
* The Cuarrman, Mr. Karth. 
Mr. Karru. Mr. Chairman, I can’t help but feel I have heard con- 
flicting testimony today. It seems to me Mr. Kimball said, when 

uestioned about the cost of the fuels—that is, solids versus liquids— 
that he said the two were fairly comparable, that there wasn’t a great 
difference because when you use liquid fuels, your instrumentation or 
your hardware was so much more expensive that it really balanced 
off the excessive cost for the solid fuels. 

Is this a fact or isn’t it? 

Mr. Horrman. What he said was true. It has been misinterpreted. 
Imight try. ‘ 

Speaking of a complete engine, let’s say a complete engine costs 
adollar. In the case of the liquid engine, the hardware would be 99 
cents. The remaining cost would be this 1- and 2-cent-per-pound 
propellant that you put in the tanks. 

In the case of the solid engine, on the other hand, the hardware, 
relatively simple today, will become more complicated going into big 
missiles; but nevertheless the hardware will be a onailer percentage 
of this dollar. And the fuel in place will be a large percentage of 
that dollar. 

So perhaps in this $1, hypothetical, engine, in the case of the solid 
rocket it would be 90 cents for the propellant cast in place, and 10 
cents for the hardware. 

Mr. Karru. So that I don’t get confused all over again, let me ask 
you the question in this manner. A missile with about the same 
amount of thrust that is propelled by a solid propellant, with the 
same amount of thrust as a missile that is propelled by a liquid pro- 
pellant: What is the difference in cost between those two vehicles? 

Mr. Horrman. My personal opinion would be that the cost would 
be roughly comparable. 

Mr. Karru. Then you agree in substance with what Mr. Kimball 
said. Is that right? 

Mr. Horrman. Oh, yes. And for a one-shot missile, you pay your 
money and pretty much take your choice. There will other 
characteristics that decide which you want to use. However, should 
you want to get into missiles where you can use them over and over, 
for example, the recovered one that you mentioned, here the liquid 
missile will pay off because you use it over and over again. 

Mr. Karru. if ou recover it. 

Mr. Horrman. If you recover it. But for single-shot, no recovery, 
I believe overall—— 

Mr. Karru. It is clear to me now in so far as the cost of the two 
ov is concerned. I was becoming a little confused because 

understood you to keep saying you were using liquid fuels and you 
were putting a great deal more emphasis on them Coma they were 
so much cheaper. 
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Mr. Anrvso. Let me ask you this. All of you gentlemen are inter- 
ested in liquid rockets. I assume that you are interested in liquid 
stocks, too, are you not? 

Mr. Horrman. In liquid what? 

Mr. Anruso. In liquid stocks. 

Mr. Horrman. I can’t gen for the rest of the gentlemen, but I 
personally am not. OK, I am; I own some oil stock. So to that 
extent I am. 
_ Mr. Anruso. All of you, then, are familiar with Thiokol. There 
is some relationship between Thiokol and your company, too, isn’t 
there, Mr. Hoffman ? 

Mr. Horrman. No, sir. Dr. Ritchey represents Thiokol. I repre- 
sent Rocketdyne. I gather that what you may be getting at is the 
fact that North American and Phillips Petroleum are in partnershi 
with a solid propellant rocket engine organization, Astrodyne, loca 
in McGregor, Tex. 

Mr. Anruso. Are your companies privately financed as well as 
publicly financed as a result of contracts with the Government ? 

Mr. Horrman. The story I believe that Mr. Kimball gave this 
morning is rather typical of the industry. 

Mr. Anrvuso. Typical of the industry ? 

Mr. Horrman. Yes. 

Mr, Anruso. In other words, the same thing that applied to Aero- 
jet applies to Thiokol ? 

Mr. Horrman. I believe so. 

Mr. Anruso. Thiokol is largely dependent upon Government con- 
tracts. Isn’t that right? 

Mr. Horrman. I defer to Dr. Ritchey. 

Mr. Anruso. Is that true, Dr. Ritchey? 

Dr. Rirenery. In 1957 about 67 percent of our business was Gov- 
ernment contracts, and in 1958 it would run closer to 85 percent of 
our business. 

Mr. Anruso. Would you say that the same thing applies to you as 
applies to Aerojet, that whatever profits you make you turn back 
into the business for the purpose of development ? 

Dr. Rrrcwey. What Mr. Kimball said this morning is essentially 
true of ourselves. We have put more money back into the business 
than we have ever taken back, in the form of a very small fee, which 
we have gotten for doing this work. We have not yet paid a cash 
dividend. 

The ratio—I don’t think Mr. Kimball gave any ratio—but from 
what I know about this company, I would say that the ratio between 
Government investment and private financing in the facilities is 
roughly the same also. 

Mr. Anruso. You also say you have not paid a dividend yet. ‘Is 
that correct? 

Dr. Rrrcney. That is correct, a cash dividend. ae 

Mr. Anrvuso. Can you gentlemen account for the sharp rise In 
Thiokol on the stock market ? 

Dr. Rrreuey. I was made a vice president about a year ago, and 
if I opened my mouth about the value of the stock, they would put 
me in jail—no matter what I say, I get put in jail for this. The 
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SEC has regulations about corporation officers making public state- 
ments of such nature. 

Mr. Fuuron. And the stock will do something, too. 

Mr. Anruso. We don’t want anybody to go to jail, but do you 
think this is a matter maybe for Congress to look into, 
overspeculation ¢ 

Dr. Rircuey. I think that question is completely apart from our 
own business operations, and also this coctmaleanibel question that is 
connected with us—space technology. 

Mr. Anruso. Do you think that the public is being duped in buying 
these stocks, thinking that the companies are mating huge profits 
when, as matter of fact, they are not? 

Dr. Rrrenry. I don’t know who is duping them—if someone is. 
I certainly haven’t seen any unrealistic estimates from the stock- 
brokers about the business potential or profits. 

Mr. Anruso. Certainly the increases of the stock—that is, the 
values shown on paper—do not reflect the true value, do they ? 

Dr. Rircuey. Isn’t that usually true of—I believe that is usually 
true of what people consider a growth stock. 

Mr. Anrvuso. I don’t know whether it is usually true about other 
things, but it is true about Thiokol, isn’t it? 

Dr. Rrrenry. I think Aerojet has also had a comparable rise in 
price. So you “9 say itis 

Mr. Anruso. It is true of Aerojet, too. It is true about. both. 

Dr. Rrrcuey. The ratio of price to earnings is something like 40, 
which has been true of chemical companies for years. They have 
been considered growth stocks. I believe that is the case. You are 
getting me in a field I am not qualified to talk about, you understand. 

am only a rocket engineer. I believe the chemical companies have 
been considered growth stocks for years, and many other type com- 
panies are considered growth stocks. The ratio of about 40 times 
earnings is considered an equitable price for a growth stock. I 
think that is right. I think that is about what you will find our- 
selves selling for at the present time, and I think that is about what 
Aerojet is selling for. 

Mr. ANFvuso. There is no rhyme or reason for either one of these 
stocks ynaip. | 40, 50 and 60 points within a short period when no 
profits are shown on the books and no dividends have been declared 
to the stockholders. 

Mr. Fuuron. Dr. Ritchey may be modest, but it may be a vote of 
confidence in his leadership as president since he has gone in. 

Dr. Rrrcney. I am a vice president, sir. 

Mr. Anruso. When did you go in, Doctor? 

Dr. Rrrcney. May 1, 1958, I believe was the official date. 

The Cuatrman. May I suggest this thought. You are dealing with 
space, aren’t you? You expect them to go higher, don’t you? 

Mr. Anruso. You don’t like the public to be fooled, though, Mr. 
Chairman. 

Mr. Bass. Will you yield, Mr. Anfuso? 

Mr. Anruso. I yield, Mr. Bass. 

Mr. Bass. There are many other growth stocks that are selling 30 
to 40 times earnings that are not in this field. I refer to IBM or 
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Polaroid or Haloid. All those glamour stocks are very high-priced, 
not just these. 

The Cuarrman. Can you do this, sir. Give us a financial statement 
of your company to put in the record. That would apply to Thiokol 
and North American and Aerojet. If we could get that to put in the 
record, that would help some. 

[The reports requested have been filed with the committee. ] 

Dr. Rrrenry. I believe Esso is on tomorrow. Do they get in the 
record, too? 

The CHairmMan. We will put them in the record, too. 

Mr. Furron. Mr. Chairman, unless you put them all in, it is just 
a little bit hard to ask several to do it. 

The CHarrmMan. May I say this to the gentlemen, as far as the 
Chairman is concerned, this suggestion is not made in order to needle 
the companies in any way, but to shorten the hearings and give the 
information that the committee wants. 

In the final analysis, I daresay that anybody on the committee can 
call up a stockbroker downtown and get a statement of your corpora- 
tion. So there is nothing secret about it and there is no reason why 
it should be considered as in any way offensive. 

Mr. Fuuron. Will the chairman yield ? 

The Cuarrman. I would say the same thing tomorrow. We will 
ask Esso and the rest of them. 

Mr. Horrman. We are quite happy. They are public knowledge, 
They are printed. 

The Cuatrman. Of course. There is nothing secret. 

Dr. Rrreney. I would like to make a statement if I may, please, in 
this regard, and also ask a question before this subject is tabled. 

First off, I would like to say that both North American and ourselves 
are traded on the Big Board and we are subject to all the regulations 
of the Securities and Exchange Commission. Complete information 
is available and it is available to you. I would like to know what t; 
you want. Is it the type that goes out in the annual report to the 
stockholders? Is that satisfactory ? 

The Cuarrman. I would think so; just a general statement. If the 
committee later on wants to probe the operations and organization 
and profits of the space propellant agencies, then that is a different 
proposition. I don’t at the present time contemplate that or visualize 
it. I think we have a great job to do, and that is to get ahead in this 
space field. I don’t think we are going to do it by tearing down what 
agencies we have. 

Mr. Futon. Will the gentleman yield ? 

The Cuarrman. yield. 

Mr. Futon. Could we show in the record, then, affirmatively, that 
these statements were put in for the information and the broadening 
of the knowledge of the members of the committee and for no other 
purpose ? 

The CuatrrMan. All of the hearings are for the same purpose. 

Mr. Anruso. That was the only purpose of my asking the question. 

The Cuarrman. Mr. Teague. 

Mr. Tracur. Mr. Hoffman, if you had absolute power in the engine 
field, what would you do differently from the way we are doing it now? 

Mr. Horrman. If I had absolute power 
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Mr. Teacur. Absolute power ; money wasn’t a factor. 

Mr. Horrman. In the missile and engine field, in the defense effort, 
I would put more money—which is a synonym for more effort—into 
the missile and powerplant effort. 

Mr. Tracur. Would you let a contract for a 2-million-pound-thrust 
engine or a3 million or a 10 million ? 

r. Horrman. No; I would not today. Sufficient money has been 
put into these various jobs to do them. However, what the money 
assures you—the extra money, and it doesn’t mean doubling or 
tripling—what the extra money does is that it insures, gives you 
greater insurance, of getting the job done on time, or getting it done 
on time and getting it done better. 

It would mean a certain exploring of alternate methods of doin 
the job, some of which would not pay off and some of which woul 

In a way—to sort of continue what I mentioned in a brief state- 
ment to Mr. Fulton—not only would I like to see some percentage 
permitted on basic research and encouraged, with a monitoring sys- 
tem; but I would like to see the same thing done in state-of-the-art 
development, which goes along with the basic research work. 

Perhaps to clarify, we could go ahead, say, on a year’s basis, taking, 
let us say, 10 items of improvement on an engine and handle it 
within the corporation that is in the business, as a complete job, 
rather than having to sell them piece by piece and maybe you sell 
only 80 percent of them. Yet to accomplish the job completely, 
you need this other 20 percent, too. I don’t know whether I have 
made myself completely clear or not. 

But on the one thing, my answer would be a definite “Yes.” I 
would spend more money. On this I would like to make it clear 
that there is enough money to do a job; and I think for somethin 
as important to us as defense, we should have insurance and Me 
more money. 

Mr. Tracur. We could be doing a better job. Is that what you 
are saying ? 

Mr. Horrman. Yes, in my opinion. 

Mr. Tracur. This morning I assumed that you belive there is no 
doubt that we will produce a 6-million-pound-thrust engine. 

Mr. Horrman. There is no doubt in my mind that we will. 

Mr. Tracue. Is this contract, which we have let now, a step that 
we have to take? Do we have to go from a million and a half to 
2 million, to 3 million, to four million? Or can we jump on up 
_ a place? Should we have a contract out for something 

rger 

Mr. Horrman. I don’t believe so, sir. You see, we originally 
started with a 75,000-pound engine. That was quite a jump. We 
doubled that essentially to 150,000. When you go 10 times, that is 
quite an ambitious step in itself? 

I don’t think we are ready to go, say—you picked 10 million; 
that would be 1.5 million to 10 million, which is roughly 7 times. 
So we would be going 70 times where are today. I think that would 
be too fast. 

Mr. Tracur. When will we know, and who will know, and who 
will make a decision to make the next big jump? And do we have 
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to sit and wait until this 1,500,000 is successful before we go to the 
next step ? 

Mr. Horrman. No, we don’t have to go that far. I hope we wil] 
have an opportunity in Friday’s session where we are not hindered 
by classification to tell you where we are in the million-pound class, 
I would say in a matter of a year or so we will know whether we 
should go to a single engine of 10 million or 6 million. 

I would like to emphasize again that once we have the million and 
a half pound engine, a six million or even a 10 million pound engine 
is perfectly feasible, a good practical engine by clustering. 

s a matter of fact, this is the way we will get our first million 
and a half pound thrust vehicle, which I think is a very, very fine 
project that is underway. It is going to give us information about 
clustering existing engines, which later will be applied, when we have 
a million and a half pound engines to cluster. 

Mr. McDonoveu. Just a point: As I understand what you are say- 
ing, you would spend more money, but you would spend more money 
making more of the same thing that you are making now. 

Mr. Tracue. Refining it. 

Mr. McDonovueu. Refining it and increasing the quantity. You 
hesitate to say that you would spend more money to increase the 
= of a thrust of an engine that you haven’t already tested. You 

aven’t tested the million, so you don’t know whether the 6 million— 
you wouldn’t go to the 6 million yet. But you would probably build 
more of the 1 million thrust engines than you are now building. 

Is that what you mean / 

Mr. Horrman. I will try and clarify what I said. First of all, I 
would not start immediately to build a 3 million or 6 million pound 
single. I would spend more money to some degree. I would make 
more of the engines which shortly we will be making, the million- 
pounders, to have a little more freedom in hardware, so that as failures 
occurred, you could more quickly proceed with the program. 

But more important than that, I would use the extra money to give 
us freedom to explore various roads. I mentioned on the chart how 
we have been able to simplify engines. You may recall the 1955 
model that is flying today with 88 parts, whereas the one we are going 
into production on now—the one we have on the test stand—would 
have only 5. 

We have been quite fortunate in that working with one of the serv- 
ices in the big missile program we were able to carry on an engine 
development concurrently—one that didn’t have to go into missiles. 

You see, first we had to get them in missiles. They had to fly. 
So we had to use things that we were quite sure would work to meet 
a date here. But off to one side we were carrying on this development 
work, exploring new areas, to come up later with a far simpler and 
better engine, which we will be putting out now this year, and a still 
better one next year using different control systems. 

Mr. Tracur. Mr. Hoffman, do you think most people working in 
this field would agree with what you say ? 

Mr. Horrman. I believe so, yes. 

Mr. Youne. Could I make a comment, Mr. Teague? 

Mr. Tracur. Yes. 
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Mr. Youne. We feel that the existing engines which we say are 
in the 200,000-pound-thrust class—this 1s per cylinder, if you will, 
or per barrel—represent what we have and their capability should 
be fully sxnlobied: By that, I mean the capability for increasing 
their performance, increasing their reliability, and reducing their 
manufacturing costs so we can fully exploit the investment that this 
country has in the development of these engines, which hasn’t come 


We have underway, as Mr. Hoffman indicates, in the country the 
development of the million and a half pound engine. We feel that 
the next step in thrust size should be ten million pounds, but that 
we do not have to start this step now because we have sufficient lead 
time, represented by the life of the existing engines, the useful life 
of the existing engines, plus the million and a half pound engine, 
singly and in clusters; that perhaps in 2 or 3 years we should start 
seriously considering what will be involved to effectively develop 
such an engine in the way of facilities and handling. 

We probably will have to build the engine where it will be launched, 
produce the propellants at the same pent and put the whole thing 
together right at the launching site, use it will be so large that 
we will not be able to py it. 

But we have some time before we really have to start committing 
money other than just on studies—feasibility studies. 

Mr. Treacur. You gentlemen, as men in this business and also 
American citizens, are convinced that this whole effort of ours is 
so coordinated that. when the proper time comes to go to the 10 million 

und thrust engine, we will, without just stumbling along until 
somebody finally makes a decision ? 

You think our whole effort is so coordinated that when the proper. 
time is reached for that 10 million, we will do it? 

Mr. Youna. My opinion is yes, the way the program is now laid 
out, 

Mr. Teacur. Mr. Hoffman, do you understand my question ? 

Mr. Horrman. The time isn’t ready yet to start on a still bigger one. 

Mr. Tracur. Do you think we will at the proper time know when to 
go for this ten million pound thrust engine ? 

Mr. Horrman. We will know the proper time and we will, I think— 
speaking for the industry—be putting a lot of pressure on to get it 
going. I hope and expect that when that time comes there will be 

ple in the various government agencies who will also recognize 
itand be able to get the money to do it. 

Mr. Teacur. Must it come from a government agency, or do you 
people ome back and make recommendations to the government 
agency ? 

- HorrmMan. We are continually making recommendations. On 
the big engines, we have been recommending it for a good many years. 

Mr. Sisk. I wanted to ask you the question, then, in view of the fact 
I understood you to say that the time is not right, let’s say, to start 
construction of a ten cing pound thrust engine—— 

Mr. Horrman. Single engine. 

Mr. Sisk. That basically your reason is, because you don’t have any 
use for a ten million pound thrust engine—that is, assuming that, 
miraculously one appeared today, you couldn’t make any use of it. 
Is that right ? 
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Mr. Horrman. This is true, also that the missiles will have to be 
built and by the time we go from missiles that do require in the order 
of, say, 400,000 pounds thrust, in that neighborhood, it is quite a jump 
before they want ones of 10 million. The most ambitious projects 
now, I think, are in the order of perhaps 6 million. 

Mr. Sisk. I think I understand generally what you are getting at. 
But I was just thinking—in other words, what I understand you to 
be saying, is, your requirements and desire to construct larger and 
larger engines are dependent upon a need or a use for larger and larger 
engines, and the equipment and hardware and so forth that must go 
along, for meeting that need. And that therefore, today, we don’t 
necessarily need one larger, let’s say, than a 6 million pound thrust. 
I was simply asking you if that is what you were saying. Maybe I 
misunderstood what you were saying. 

Mr. Horrman. I think that would be essentially it. 

Mr. Sisk. I mean if we have a need for a 10-million-pound thrust, 
Mr. Hoffman, then I think we ought to be trying to build one. 

Mr. Horrman. I suppose you could say this: If we had a 10-million- 
= existing today that was reliable, I imagine they would use it. 

ut we don’t have, there is no need for it, and the missile people also 
have their limitations on the size of projects that they can tackle, too. 
And I think as a next step that they too would probably hesitate 
going from 400,000 to, say, 10 million all in one jump as a missile 
project. Before we put these great big ones up in space, there are 
certain necessary intermediate steps that need to be done on that, just 
as we feel on the engine work we wouldn’t want to jump from a 
10,000-pound engine to a million pounder. 

Mr. Sisx. Of course, the point that I had in mind, we have people 
come before our committee and discuss with us rather extensively their 
long- thinking with reference to space stations, for example, and 
all the other things which certainly you are familiar with. 

Certainly we are going to need engines with far higher thrusts than 
anything we have now, or that we even have on a drawing board, if we 
are going to construct in space a so-called space station. Isn’t that 
true 

Mr. Horrman. Yes. 

Mr. Sisk. Yet they come down here and show us designs of how it 
is going to be built and so on. I am not criticizing you people for 
doing that, but sometimes I just wonder how coordinated the whole 
program is, Mr. Hoffman. I am not being critical of what you are 
saying. 

The CuatrmMan. Let me ask a question, if I may. 

Mr. Stsx. Yes, Mr. Chairman. 

The CuarrMan. In reference to the size of these engines: You en- 
vision a million-pound-thrust engine. You can see that ahead, can’t 
you? 

Mr. Horrman. Oh, yes. 

The Cuatrman. I say the largest project we have is a 6-million- 
pound-thrust engine. Isthat right? I understood you to say that. 

Mr. Horrman. This is a reasonable requirement now. I suppose 

ople might be talking about even more. This isn’t necessarily the 

argest we will ever have, but I am sure the largest in the foreseeable 
future. 
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The Cuarrman. What I am getting at is this: In increasing the 
thrust and the power, you don’t necessarily increase the size of the 
missile that carries the thrust, do you? You might increase your fuel. 
Since this is a hearing on propellants, have you given thought to 
increasing the power of the fuel, so that with the same engine you 
would get a greater efficiency out of it? 

Mr. Horrman. Yes, the high energy propellants would enter into 
the picture. And also I should add, as I mentioned this morning, we 
feel the nuclear rocket will come into the picture here. Actually as 
to the nuclear rocket, for modest jobs used in the first stage, chemical 
does it better. As you get into these more and more ainbitious jobs 
if we need 10, 20, or some other order of magnitude of millions of 

unds of thrust, it is possible the nuclear might take over there. 

The Cuarrman. Would you send the nuclear rocket aloft and then 
drop off the booster with the nuclear plant in it? 

Mr, Horrman. I think you would return a nuclear rocket. As you 
might gather, 1 am a very great advocate of recovering these expen- 
sive pieces of equipment. 

The Cuairman. When you get up to the second stage, then, would 

ou leave that aloft with the nuclear power plant in it or would you 
a. that back ? 

Mr. Horrman. Some final stage will have to come back because 
there will be a man or men in it. So the final stage eventually has to 
come back. 

The CuatrmMan. That would have nuclear propellant ? 

Mr. Horrman. It could have, yes. 

The Cuarrman. Would you get a greater power out of the nuclear 
poomet ae you would out of the conventional fuels, solid or liquid 

ropellant 
. r. Horrman. This will be discussed Wednesday, but I will just 
papiy. stele what I think was mentioned this morning, if I remember 
correctly. 

There. are two things you will notice, I hope, that become apparent 
before the week is over. 

First, starting with chemical rockets, here your pounds of thrust 
per pound of propellant is modest. Let’s pick a figure of 450 pounds 
of thrust per pound of propellant. 

The thrust for every pound of engine weight, complete engine 
weight is very, very high in the order of a hundred or more pounds of 
thrust for every pound of engine weight. Now, as you go into the 
nuclear rocket, this situation reverses itself almost exactly, we believe. 
The efficiency about doubles—well, it triples. 

Your pounds of thrust per pound of propellant will go to some- 
where between 800 and perhaps 1,500 pounds of thrust per pound of 
propellant. The weight on the other hand goes in just the inverse 
ratio. So efficiency will go up three times and the weight will be 
three times as bad. 

Finally, as you go to the extreme of ion engines, again using a 
nuclear source, the same thing continues. So as you get into space, 
using a nuclear source, either as a nuclear thermal rocket or as a 
nuclear ion rocket, you are getting just what you want—a piece of 
equipment that doesn’t require filling stations in space for very, very 
long periods of time. 
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I think you might say in a rough way that what the nuclear 
power gives you is endurance. It is heavier. 

The Cuarrman. But if you have your weight increased three times 
and your efficiency three times, would the one neutralize the other, 
the increased weight neutralize or offset the increased efficiency ? 

Mr. Horrman. They do for certain applications. As I mentioned 
for first-stage boosts. You recall I mentioned efficiency as of less 
importance. As you have modest applications, the chemical job is 
better all around than the nuclear. 

However, as you get into these very, very large jobs, requiring 
very, very large thrust, here is where the nuclear job starts to take 
over, and you ny the job with fewer stages. 

The Cuarrman. Coming to that, wouldn’t we do a better job if we 
devoted more of our energies toward the research and development 
of power of propellants than to putting in so much thought on a 
huge rocket? You referred to the bill. It was a committee bill 
introduced which would authorize 10 percent additional to every 
contract for scientific development. That 10 percent would be 
devoted to basic research. 

We would be in better shape if we did more of that and increased 
and developed new types of propellants, we will say nuclear is one, 
Perhaps chemically we could develop a much higher efficiency in pro- 
pellants, and thereby cut down the weight of our rockets and still 
get the efficiency. 

Mr. Horrman. You still need the very large powers so you must 
go ahead with the larger engines. That is an axiom and I think all 
of the panel here will agree. 

The Cuatrman. Would we be better off if we did devote more 
time to basic research in these contacts with these plants that have 
general development contracts ? 

Mr. Horrman. We believe more work should be done in this area. 
So that there should be no misunderstanding there, I have given a 
chart this morning. Chemically about as far as you can go, unless 
there is some new kind of chemistry discovered, is somewhere in the 
order of this 500 seconds or 500 pounds of thrust per pound of 
propellant. 

e CHAIRMAN. You mean physically it is not possible to increase 
that in chemistry ? 

Mr. Horrman. Right. 

The Cuarrman. You would have to develop some different type of 
like nuclear or 

r. Horrman. Then you go to the nuclear system, and here you 
triple, at least you have the potential of tripling, what you can do. 
e CuarrMANn. 1,500 pounds, I think you 

Mr. Horrman. Yes, 1,500 seconds, specific impulse, which is 1,500 
pounds of thrust of 

The Cuarrman. Have you any hopes of developing any new types 
of propellants, other than the ones you have mentioned, which would 
offer greater efficiency with less weight ? 

Mr. Horrman. I think the answer to that is no, for the nuclear job, 
the best propellant you can use is hydrogen. If you put something 
else in it, it would be for reasons other than performance, as far as 
any major magnitude is concerned, but for operating reasons. The 
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same statement, I think is sound as far as the chemical propellants are 

erned. 
wrluorine with hydrogen is right up at the top on the chemical 
scale. The research that would be done would be to make the 
fluorine-hydrogen combination handle more easily, and envisions 
additives to this that would push the performance up, but not twice. 
It would be some small percentage perhaps 5 or 10 percent. : 

The Cuarrman. Then you don’t hold out much hope of increasin 
the types of propellants, even if we increase the amount we spen 
for basic research for propellants. — rie 

Mr. Horrman. Yes; you would improve the characteristics of flu- 
orine-hydrogen, for example, and you could possibly A cog’ another 
10 percent, something in this order of magnitude. This is’ worth 
doing. You recall I mentioned how much you gain with improve- 
ments of efficiency. In the upper stages it is a lot. 

The Cuarrman. To go beyond that, we would have to improve the 
rocket rather than the propellant. Is that right? 

Mr. Horrman. Yes. What you would do there, once you achieve 
the ultimate there, then you would go to nuclear, where you make the 
step of three times, and for the very final stages, to something like 
an ion plasma or similar engine where you make another order of 
magnitude jump and get up to specific impulses, I think, of 20,000. 

The Cuarrman. How much ? 

Mr. Horrman. 20,000. So you see, for the first jump in efficiency, 
you go from chemical, of let’s say 500 seconds to 1,500 seconds nuclear 
an improvement of 3 to 1 in efficiency. In an ion engine, your 
next step would be from 1,500 to 15,000 or possibly 20,000, a step of 
10 to 1 again. However, each time you do this the propellant gets 
heavier. 

The Cnarrman. How far away are we from an ion engnie? 

Mr. Horrman. This depends upon how badly we want to push it. 
I would say at the very, very closest 5 years, and probably some- 
where between 5 and 10 vears. 

The Cratrman. Isn’t that the ultimate propellant, as far as you 
see it now ? ; 

Mr. Ilorrman. Only for the space application. I am sorry that I 
seem to be obtuse here, but it is not a simple problem. Let us take it 
in three steps, and this is indeed an oversimplification. 

But for first, overcoming the gravity of the earth and getting out of 
the earth’s atmosphere, chemical is almost as good as you can do, 
because of its high thrust-to-weight ratio and its good performance. 

Then as you go on up, you can envision an improvement by using 
a nuclear thermal rocket, where now your performance goes up to 
somewhere between 800 and 1,500 seconds. The weight is quite large. 

Then finally, way up in the upper end you have this missile out in 
airless space. There is no friction. A very, very small thrust over 
a long period of time will get you going very, very fast. You will 
be able to maneuver with very minute loads, as will be brought out 
Thursday. For these upper stage engines we are talking in the order 
of a pound of thrust. 

We get this pound of thrust with practically no consumption of 
eect ant, which is fine because there are no filling stations there. 

n the other hand, the engine is very, very heavy for this pound 
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of thrust you are getting. In fact, using conventional electrical] 
sources you would have something like a small-city power plant. 
In the laboratories, ion engines are working with a fraction of a 
pound of thrust. The ion gun part of it is working. The real 
problem on the ion engine is to get an electrical system that is 
practical and doesn’t weigh too much. 

It will unquestionably have a nuclear source of energy, and at 
the start it will probably require turbines and rotating machinery 
for the conversion. 

The Cuairman. As I understand, then, you have ion engines now 
operating, but they are so small they are not adaptable to missiles 
because of the lack of a suitable electric system. 

Mr. Horrman. Breadboard, let’s say, thrust chambers, not the com- 
plete engine. The complete engine is a big thing. They are op- 
erating today by taking the electric power out of the city power 
lines. The ion gun itself, a rather small gadget, weighs very little. 
But the principle—I think without question, it can be done. The 
big money and the big effort will be in electrical power to do the 
ionization and power the gun. 

So as to the biait principles, we can say today that we can build 
an ion engine. An ion engine is worthless for a booster. It can’t 
lift itself. An engine providing 1 pound of thrust will weigh thou- 
sands of pounds. But it is a fine engine if you can get it up into 
the air with big boosters, and then cruise around among the plaiate, 
or around Mars, or wherever you want to go. 

So the distinction really is, to get out from the earth you need 
a very, very powerful engine, very light weight to lift these heavy 
weight, appa efficient engines up into space. Then once they 
are in space, alt ough they are heavy, they are there and it takes 
practically no propellant to operate them. So they can operate for 
a long period of time. 

The Cuarmman. Mr. Fulton. 

Mr. Futon. The great gain of an ion engine, of course, is that 
it has continuous acceleration. 

Mr. Horrman. This is the way you would have to use it because 
a pound of thrust on a great big heavy thing means that it takes 
a long time for it to accelerate. It is rather like compound interest; 
you get a little bit every hour, and eventually you are going very, 
ve ast. 

Mr. Fuuton. I think some of us have seen a laboratory model of 
an ion propulsion system working in a small vacuum. Could some- 
body bring one here to the committee for us to see, with the chair- 
man’s permission? I think other members would like to see it. 

May I comment on this. When you have a Vanguard where maybe 
you have 140 seconds of thrust, or a moon shot maybe going 304 
seconds of thrust, how much of the fuel is expended in either one 
of those type vehicles, say kerosene and lox, in the first 30,000 feet? 

The point of my question is this. Why do we always start these 
missiles or rockets at sea level? Why don’t we go to Mount Everest 
or Kinchinjunga, the third highest mountain in the world, next to 
it in Pakistan, and make some sort of a deal with them and maybe 
we don’t have to have such big engines if we start them up at 
30,000 feet, because to begin with, you must not only carry the 
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payload, but you have this whole pyramid of fuel that you are using 
starting them from a dead stop at sea level. 

Mr. Youne. Could I comment on that ? 

Mr. Furron. Yes. 

Mr. Youne. Mr. Fulton, what you are talking about is eliminat- 
ing atmospheric drag. That represents only a small portion of the 
total energy required to get something into orbit or out of the 
earth’s gravitational field. 

Mr. Futon. Yes, but what proportion of your fuel do you use 
in the first 30,000 feet on these tremendous engines 

Mr. Youne. You use a fair portion of it. Starting from 30,000 
feet you would still use a lot of it, and it is the velocity you are 
after, not where you are. 

Let’s say you started from Everest. When you were 30,000 feet 
from Everest—in other words, at 60,000 feet—you will have used 
the same proportion of fuel, roughly, and still be going the same 
velocity. 

So a have only gained six miles, which is meaningless. It is 
the velocity that you are after, not where you are. 

All you do is save a little bit of drag work, which isn’t very 
much. You can almost ignore it. 

Mr. Futron. If it took, say, a thousand pounds to put a pound 
into orbit—— 

Mr. Youna. Yes, sir. 

Mr. Fuuron. Possibly if you reduced the distance to orbit, say, 
by 30,000 feet where the atmosphere is most dense, you would get 
a very great reduction in the ratio— 

Mr. Youna. No, sir. 

Mr. Funron. Of fuel and the weight of the vehicle to the payload. 

Mr. Youne. No, sir; I don’t think so. 

Dr. Rircury. May I comment, Mr. Fulton ? 

Mr. Furron. Yes. 

Dr. Rrrcuey. I believe the misunderstanding here involves not 
only height but the neglect of the velocity that this missile has. 
When it passes 30,000 feet it not only has gained that altitude, 
which of course is important, but also at burnout it has a very 
sizable velocity which is even more important. 

Velocity is where most of the fuel goes—into imparting velocity to 
the missile. Even after it burns out, it will go as and coast an- 
other hundred miles high, perhaps, before it starts to come back. 

So really the energy content at that point that was put in the missile 
by burning the fuel is represented by the height it would coast after 
this and not just the altitude at burnout. 

Mr. Fuxiron. Could I ask you, gentlemen—because you are inter- 
ested in the propellant. fields: Suppose you have a rocket or a missile 
and on the horizontal plane the thrust is the push forward, and the 
drag is the friction or the pullback; and on the vertical approach, 
that would be lift as against gravity. 

You are talking about so many pounds of thrust and what it does. 
Suppose that the thrust equals the drag on a missile and the lift 
equals gravity. What is it doing? 

Mr. Youne. You are standing still. It is in equilibrium. 
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Mr. Fuuron. Where is it then? I was given that on a Navy lieu- 
tenant examination without any warning, to see if I could be promoted 
in the Reserve. Could you answer that for me quickly? 

Mr. Youne. If it is in space it is floating. 

Mr. Horrman. If it is on the ground, it stays there. 

Mr. Youne. Wherever it is, it stays unless it has velocity and then 
it coasts. 

Mr. Futron. I think if it is within the earth’s gravitational system 
it must be moving in orbital, continuous unaccelerated flight. If it is 
outside the earth’s gravity, it is in a single directional unaccelerated 
flight. 

Mr. Tracur (presiding). Mr. Wolf would like to go to another 
meeting and would like to ask a question. 

Mr. i ULTON. Just a minute and I am through. What is the answer 
to it? I don’t believe you could be Navy lieutenants. 

Mr. Youne. Did I understand you to answer the question, Mr. 
Fulton ? 

Mr. Fuuton. I answered it, but I wondered if you agreed with that. 

Dr. Rircnry. Yes, that special condition fits the definitions you 
have put up. However, there are many other conditions that also fit 
that definition. 

Mr. Futron. Could you name one of them 4 

Dr. Rrrewery. An airplane flying at constant altitude at constant 
velocity is one I believe would fit that. A satellite, a missile coasting 
through free space, or one that is passing the moon would also fit. 

Mr. Futron. Just in all good humor, it just couldn’t be sitting on 
the ground, though, could it ¢ 

Dr. Rrrcney. It could be. 

Mr. Horrman. If it starts from the ground, that is where it would 
still be. 

Mr. Teacur. Mr. Wolf. 

Mr. Wotr. I notice that you commented that you were in favor of 
salvaging these first and second stages. I understand you build en- 
gines, but do you have any information to enlighten us on what is 
being done to salvage first and second-stage rockets ? 

Mr. Horrman. There is a lot of thought in the missile industry now. 

Mr. Worr. I am speaking in terms of not thought, but money being 
spent and work being done. 

Mr. Horrman. There is none actually being built to my knowledge, 
although it is being studied. I think one will be built. 

Mr. Wor. As we get into more and more expensive clustered en- 
pines, are we being a little foolish in spending millions of dollars to 

last these things off and then kick them off and just forget them? 
Wouldn’t it be smart economic budgeting to spend, say, a percentage 
to create a means to recover them ? 

Mr. Horrman. Yes, and I think this will come as a matter of course. 
Experiments will be made on recovery as a step following sending 
them off as now in nonrecoverable form. 

Mr. Youne. May I comment on that? It is simply a matter of 
economics whether you recover a booster or not. You have to make 
the booster bigger to carry its own recovery devices, so that you have 
to fire more missiles or make the whole thing bigger. 
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Then it costs you a certain amount to recover it and a certain amount 
to recondition it, and until you pass the point where you are having a 
net gain, there is no point in trying to recover them. 

Mr. Wo tr. But we are talking in terms of a clustered rocket, a mil- 
lion pounds of thrust and things like that. We are talking in terms 
of an amount of money similar to the price of a battleship. We can 
afford to figure out a way, I would think, to at least attempt to recover. 
This is the answer we have always gotten on this question. 

Mr. Youne. You still have to save money to do it. 

Mr. Wor. Someone suggested here this morning to use parachutes. 
Parachutes aren’t that heavy. 

Mr. Horrman. A parachute won’t give you a complete job. 

Mr. Youne. You have to do more. 

Mr. Wo tr. Is any money being spent right now? This is what I 
would like to know. 

Mr. Horrman. I think so. 

Mr. Wotr. Could you produce that? Could you tell me where we 
could get this information ? 

Mr. Horrman. When you say any money, I would be very happy 
to talk about it on Friday. I think it would be more appropriate 
there than here. 

Mr. Wo rr. It is always we get into this question of whether or not 
it is classified whenever we want to know the answer to a question 
as vital as some of these are. It is a little frustrating, you see: 

Mr. Horrman. All I can say now, I think some is. I can tell you 
places to go. I would like to point this out, however. For a period 
of years this is going to be more expensive than throwing them away. 

he reason I personally am so strong for recovery, I am convinced 
that it will eventually be done; and the earlier you start doing it, the 
quicker you will get it. 

Mr. Wotr. I am with you. 

Mr. Horrman. But I will admit, first of all, for the first year—and 
it might be a period of 10 years—this will be more expensive than 
simply building the simple ones and throwing them away. 

wenty, thirty or forty or some number of years from now, this 
will be the way it will be done. 

Mr. Wotr. I am not a stockholder of the company, but of course 
I do understand you want to build engines; and if they are gone, you 
can replace them. I understand this. But I would like to see some- 
one seriously consider this thing. 

Mr. Horrman. I would like to say on this, along with that con- 
nection, we do work for companies—all of us are engineers basically— 
and really our interest is to build the best engines we know how and 
the best missiles and basically we are not thinking about trying to 
them nonrecoverable. 

n fact, the contrary is true; particularly in the liquid engine busi- 
ness, we feel that this is an inherent virtue of a liquid engine. 

We would like to see it capitalized. We are engine people, and 
I might say in all honesty for better than two years we have been 
promoting this for missile people. The missile people understand- 
ably, I think, have not been able to work on this. Everybody has 
been as busy as they possibly can be, getting existing missiles to work. 
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I didn’t have time to go through the history, but our history in the 
United States of big missiles and big engines was pretty short. Ags 
a matter of fact, there was no appreciable money, as we speak of it 
today, put into liquid rocket engines until about the middle of 1953, 

So what we have accomplished today with substantial money is 
essentially within the last 5 or 6 years. Prior to that it was pretty 
much of a shoestring. This will come. And since you made that re- 
mark, I do want to emphasize that I am sure every one of these gen- 
tlemen sitting here with me—our interest is to insure the engines are 
in the best possible installation. I for one, and my organization, will 
be only too happy when the day comes that they are recoverable. 
What we would like to aim for, and see, is that they come back, 

I have shown this ideal condition in the vertical position, ready for 
the launch, that you simply tighten up the pipes with a hydraulic 
and mechanical checkoff, refuel, and be on your way again. We 
would feel then we have done the job we would like to do eventually, 

Mr. Wor. For the record, would you say that if it were possible, 
you would like to see a supplemental appropriation that didn’t deter 
from the money being spent for engines to do some real serious re- 
search today on recovery 

Mr. Horrman. Yes. 

Mr. Bass. Mr. Chairman ? 

The Cuarrman. Mr. Bass. 

Mr. Bass. Mr. Hoffman, you told us a few minutes ago, I believe, 
that a vehicle in space, after it leaves the gravity of the earth, requires 
relatively little thrust to attain a great speed. You were talking in 
terms of a pound or two pounds. 

My question is a little theoretical, but supposing a vehicle had a 
great deal of thrust, in the order of several hundred thousand pounds 
out in space. It would acquire fantastic speed very shortly. Is that 
correct ? 

Mr. Horrman. There is a limit on speed, the speed of light. 

Mr. Bass. That is what I am leading up to. Is there any limit? 

Mr. Horrman. The physicists tell us that the speed of light is a 
limit. I am rather unhappy to hear this because, if so, it is hard to 
imagine how we will get outside of our solar system. 

r. Bass. Why is the speed of light a theoretical limit ? 

Mr. Horrman. Dr. Ritchey, moa you want to undertake that? I 
don’t know how I could answer that one. 

Dr. Rrreney. I think Professor Einstein is the one who figured this 
out, almost all, I believe, with some help from the Lorentz-Fitzgerald 
relationships. It gets into very complicated matters, which are really 
beyond normal every-day experience and can only be described in 
mathematical equations. 

Mr. Bass. Then it is impossible, according to Einstein, for us ever at 
my te to get out of our own solar system. 

r. Rrrcney. He postulated this theory, and I think the theory has 
been pretty well proved; at least in the regions in which we can ob- 
serve, it very definitely fits the facts of nature. If this theory can be 
extended to this maximum limitation on velocity or speed, then the 
speed of light is the limiting speed which we can ever attain. 

Mr. Bass. The nearest star is several million light years away. 
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Dr. Rrreuey. If this is the fundamental limitation, and if the sum 
of human knowledge in this area never extends beyond the Einstein 
theory, what you say is true. It will never be within the reach of a 
human lifetime to travel to a star a thousand light years away, and 
get back and tell about it. 

Mr. Futron. Would the gentleman yield for a disagreement? 

Mr. Bass. I will yield. I lane a couple of more questions, but I will 

ield. 
4 Mr. Futron. On that point, suppose you are in a capsule going the 
speed of light and you throw a baseball forward 30 miles an hour. 
What happens to it ? 

Dr. Rrrcury. You can’t throw the baseball forward 30 miles an 
hour if you are going at that speed. According to this — no 
matter how hard you throw the baseball, it goes a little bit faster 
than you are, but never goes quite as fast as the speed of light. 

Mr. Fuuron. It could only move backwards, then. 

Mr. Horrman. When you go that fast, things become flat. 

The Cuarrman. There are no curves at that speed. Any further 
questions 

Mr. Bass. Yes. Getting down more to earth, Mr. Hoffman, you 
also told us a little while ago that * felt that the Government was 
not spending enough money in this field. 

Primarily, as I recall your testimony, you said that particularly in 
the field of research and development that was the case. Am I 
correct 

Mr. Horrman. Yes. The question really was, if I had supreme 
power, would I spend more, and I said yes. 

Mr. Bass. Just spending more money isn’t necessarily going to pro- 
duce bigger results, is it ? 

Mr. Horrman. Yes, that’s true. 

Mr. Bass. It is effort that counts, isn’t it, not money ? 

Mr. Horrman. Right. 

Mr. Bass. We just have so many men, so many scientists, so many 
people, who can work in research and development. Just spending 
more money is not going to produce more results, is it ? 

Mr. Horrman. We can spend more money and produce results. 

Mr. Bass. Then you must be talking in terms of hiring more people, 
more scientists. 

Mr. Horrman. Actually as of now we could spend more money 
and produce results with essentially the same number of people. 

Mr. Bass. How is that? 

Mr. Horrman. Well, some of them may disappear here over the 
next year or so. 

Mr. Bass. You are talking in terms of raising their compensation, 
you mean ¢ 

Mr. Horrman. No. I am talking in terms that a certain amount 
of the new work is not equivalent to the effort we are putting on in 
all the old jobs; so there could well be some lessening of the number 
of people now at work on engines. 

Mr. __ We have X number of scientists, research men, engineers 
and so forth. If we double the amount of money that the Govern- 
ment is spending on research and development, where would that 
go—raising these men’s salaries or hiring twice as many? And if 
so, where would they come from ? 
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Mr. Horrman. You may recall] I was not speaking in terms of 
doubling. I said a reasonable amount. 

Mr. Bass. A couple of hundred million dollars ? 

Mr. Horrman. Tren or twenty percent would be a great deal in 
this area. 

Mr. Bass. That would be $100 million more, maybe. Where would 
that money go? 

Mr. Horrman. I will speak of our own organization. It would 
essentially for people that are going off the older jobs that now are in 

roduction, and putting them on new developments in the area that 
i spoken of—state of the art. It would also be putting people. 
to work in basic research in the chemical industry on new propellants, 

Mr. Bass. Those people are already on the Government payroll, 
are they not? 

Mr. Horrman. Not in the chemical industry, I don’t believe. 

Mr. Bass. Who is paying them? 

Mr. Horrman. In the chemical industry ? 

Mr. Bass. Yes. 

Mr. Horrman. I guess we all are, buying gasoline. I think as far 
as the Government work is concerned, the chemical industry would 
probably be—I am guessing—I suppose certainly in the high 90 per- 
cent civilian work. I say I am guessing. Certainly it is not like our 
business, which is 100 percent Government work. 

Mr. Bass. Spending X millions of dollars more in research and 
development means hiring more scientists in this field, does it not? 

Mr. HorrmMan. This depends on the organization. I say in our own 
case, on new work, the necessary scientists to do this research and de- 
velopment work are available. With inflow of new work some people 
will go out of the rocket engine business into—I don’t know. 

Mr. Bass. I just don’t see where these new men would be coming 
from. 

Mr. Horrman. What I am trying to point out is that they all 
wouldn’t necessarily be new. You see, each year you get an engine, 
your initial work is done. There is a transition from conception, de- 
sign, and development, into production. So the people that started 
out with conceptional ideas and made drawings and did the new de- 
volopment work, they get out of jobs. 

Unless we feed in enough new conceptional work, either they are, 
as you stated, wasted by going into purely production work, or else 
they disappear, because they want this kind of work, into maybe the 
machine tool industry, the automobile industry, or somewhere else. 
So by getting this new work you would keep your level of employment 
roughly stable. 

The Cuarrman. I want to say at this point, I promised some of the 
members I would adjourn around 4 o’clock because the Governor of 
California has a reception for the California men and some of the 
others have to go elsewhere. 

Are there many more questions? Do you have many more? We 
could ask them to come in tomorrow but I think we have five more 
witnesses tomorrow. 

Mr. Bass. I will defer to your wishes. 

The Cuarrman. I don’t want to cut you short. I thought you were 
about finished. 
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Does anybody else have any questions ? 

Mr. Daddario? 

Mr. Davpario. [ have a couple, and I will limit them—just one ques- 
tion to Mr. Hoffman. Do you eliminate the nuclear power in the 
booster stage because of the radiation effect, or because it does not 
have in itself capacity to do that job at that stage? 

Mr. Horrman. Basically we feel that the first application of the 
nuclear rocket should be in the second stage, and the main reason 
would be for the reason that you enumerate, possible radiation hazard. 
And also the fact that by using it on upper stages, you can cut the 
weight of the plant down because you can go to shadow shielding rather 
than heavier shielding required on the ground. 

Mr. Dapparto. When we get to the stage where we somehow over- 
come the need of such heavy metals to protect against radiation, then 
we could perhaps use nuclear power in the initial stages? 

Mr. Horrman. And when we know more about what the exhaust 
products will be and things of that sort, it will come. Then you would 
use it for these very, very ambitious projects where we are talking 10, 
20, or so millions of pounds of thrust. 

Mr. Dappartio. Dr. Ritchey, without getting too far into this because 
we don’t have too much time, this morning in an offhand manner, you 
indicated that what you thought was indicated by some of the questions 
here, as being a criticism insofar as duplication and overlapping was 
concerned, was in fact really competition, that you needed competition 
in the technological development of the space business. 

Dr. Rrreney. I think competition is a very healthy thing. 

Mr. Dapparto. Who is going to determine if this is so? The Gov- 
ernment is just going to scatter money around to all of these various 
—_ so that they can be in competition, so that their ideas can 
develop. 

Who. is going to decide when the experiment ceases and that some- 
body has achieved a result, so that the moneys then stop and are 
diverted into another area? Who is going to watch all of this? 

Dr. Rrrcney. In a competitive system the customer always has 
thelast word. I think, however. 

Mr. Dapparro. In a competitive system who has the last word? 

Dr. Rrrcnry. The customer always has the last word. The cus- 
tomer in this case is the Government. 

Mr. Dapparto. We have had cases, haven’t we, where you have had 
duplication, where you have had the same type of vehicle developed to 
do the same type of job? You have had it in the Atlas, you have had 
itin the Jupiter, the Thor. In all of these fields. You have had it 
in the fields of the development of bombers during the war, where you 
have had one vehicle that could have done the job, and you find 
yourself with three or four. 

If you follow your competitive theory, should you now stop at some- 
place where you reach the point in experiments that you know that 
that vehicle will do the job, get into production on that alone, and 
wouldn’t you save money if you did so? 

Dr. Rrrcuey. The answer to that “saving money” question is a 
very intangible one. You never can say. You can always say that 
if everyone had done as well as he did under a competitive system; 
but if there hadn’t been a competitive system, you might have saved 
money. 
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But I can bring up the same question here in respect to the analogy 
I used this morning. For example, take the oil industry. The pres- 
sure of competition has tended to make everyone in the petroleum 
industry do very well. They tended to cut costs, they tended to im- 
prove products, and consumer relations have been very good. Gen- 
erally it has been a very fine example of the way an industry should 
berun. Yet you might argue that if there were only one oil company 
in the United States today, perhaps the cost could be lowered because 
of the lack of duplication. 

Mr. Dapparto. Isn’t it a fallacy in your theory, and that is what I am 
aiming at in this analogy you draw, the fact that in the oil industry 
there have been millions of dollars spent by oil companies which went 
broke as a result of not being able to keep pace with this competitive 
demand, while in this particular case, nobody goes broke because the 
Government keeps feeding money into the pipeline. 

There is a fallacy to this analogy that you draw as a result. It 
seems to me that there is a little bit too much of this business of ap- 
plying the same techniques of competition in private industry where 
you have the inefficient companies in competition with the efficient ones 
and there is a fallout and as a result there is development because you 
get rid of inefficiencies in a natural manner, which does not apply to 
this theory that you have brought up. 

Therefore, I think competition is fine, but wouldn’t you say that 
somebody has to watch over the experiments. Somebody has to be 
able to say in an objective manner “this will do the job, let’s now cut 
out the experiments and let’s get into some other field.” Let’s use 
all these people. We hear time and time again you don’t have enough 
scientists, you don’t have enough people with technical knowledge. 
If they are working in the same direction it would seem to me that 
one way to eliminate waste is to eliminate waste in manpower and to 
divert them into other fields as quickly as possible—as soon as we 
have been able to complete an experiment. 

Wouldn’t you say this is true ? 

Dr. Rrrcnxy. Don’t misunderstand me. I am making a case for 
competition which I think is extremely important. But I am not 
making a case for competition without any control whatsoever—com- 

tition let’s say, that is not controlled by the customer himself, who 
is capable of deciding what is best for him. As long as the customer 
is capable of deciding what is best and controls the competition on 
this Gaia, there will not be any trouble with competition. 

The evils that we have suffered in the past have been suffered solely 
because a whole host of extraneous factors have been used to judge 
what is best for the customer. If our customer, which is the Gov- 
ernment, will set up a complete set of realistic values upon which he 
wants his product built, I don’t think there will be any question but 
what competition can be controlled in the proper way. 

The Cuarrman. Any further questions ? 

Mr. Dappario. Then you say this has got to be, that we do have to 
have more exacting specifications to get this job done and we should 
eliminate some of these wasteful and duplicating features. Certainly 
they do exist even under this analogy you have brought up. 

Dr. Rrrcnry. There have been some of them; yes. 


SPACE PROPULSION 83 


The CuatrMAN. May I say this: Tomorrow we have as witnesses 
Dr. John P. Longwell of the special projects unit of Esso Research & 
Engineering. Mr. John M. Martin, general manager, explosives de- 

artment of Hercules Powder. Mr. Richard D. Geckler, vice presi- 
rent, solid propellant plant, the Aerojet-General Corp., Sacramento, 
Calif. Dr. Harold W. Ritchey—we have him today, and we are going 
to have him tomorrow from Bristol, Pa., and Huntsville, Ala., and 
Dr. Edward H. Seymour, director of research, Reaction Motors Divi- 
sion, Thiokol Chemical Co. 

We certainly thank you gentlemen very much for coming here and 
helping us. We think you have been of real help to the committee. 
If there is no further business, we will recess until tomorrow morn- 
ing at 10 o’clock. 

(Whereupon, at 4:10 p.m. the committee recessed, to reconvene at 
10a.m., Tuesday, March 17, 1959.) 
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Hovse or REPRESENTATIVES 
Com™MITTEE ON SCIENCE AND ASTRONAUTICS, 
Washington, D.C., Tuesday, March 17, 1959. 
The committee met at 10:05 a.m., in room B-214, New House 
Office Building, Hon. Overton Brooks, chairman, presiding. 

The CHatrman. The committee will please come to order. 

I was waiting just a moment for Mr. Ducander, but he will be in in a 
moment. 

This morning we have before us, gentlemen of the committee, four 
witnesses. We have Dr. John P. Longwell, who is the head of the 
special projects unit of the Esso Research & Engineering Co. of 

inden, N.J. We have Mr. John M. Martin, general manager of the 
explosives department of the Hercules Powder Co., Wilmington, Del., 
and Richard D. Geckler, vice president of the solid rocket plant of the 
Aerojet-General Corp., Sacramento, Calif., and then we have again, 
this morning, Dr. Harold W. Ritchey, vice president and technical 
director of the Rocket Division of Thiokol Chemical Co. of Bristol, 
Pa., and Huntsville, Ala. 

We are not going to be able to meet this afternoon. My thought is, 
if it is all right with the committee, that we will hear these witnesses 
in their main presentation and then we can question them in all the 
time that we have left. I state to you gentlemen who are witnesses, 
this committee is eager to get all of the available information regard- 
ing this matter. We appreciate your cooperation in coming here and 
testifying this morning. 

So at the outset I will call on Dr, Longwell of the Esso Research & 
Engineering Co. of Linden, N.J. 


Dr. Longwell, you have a prepared statement, I believe, haven’t 
you $ 


STATEMENT OF DR. JOHN P. LONGWELL, HEAD, SPECIAL PROJECTS 
UNIT, ESSO RESEARCH & ENGINEERING CO., LINDEN, N.J. 


Dr. Lonewet. Yes, I have. 

Mr. Fuiton. Will he identify his company and his connection ? 

The Cuarrman. Esso Research & Engineering Co. Is that a part 
of the Standard of New Jersey? 

Dr. Lonewetu. Yes; it is the main technical research part of 
Standard of New Jersey. 

The Cuatrman. That is the portion of it devoted to technical 
research ? 

Dr. Lonewetu. That is right. 

Mr. Furron. It is a wholly owned subsidiary, is it, or is it a non- 
profit corporation ? 
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Dr. Lonewe ut. It is a wholly owned affiliate. Although organized 
as a corporation, it is nonprofit. 

The Cuarrman. Do you in the course of your statement give us 
the size of the research and development program that you carry on? 
If you don’t, we would appreciate some information for the benefit 
of the committee, showing the size of your research program, 

Dr. Lonewetu. The total size of the Standard of New Jersey re- 
search is around $65 million a year. Esso Research itself is roughly 
half that. There are other research organizations in the New Jersey 
company. 

Mr. Furron. That is the point of the question—if you would set 
up for us what the corporate structure is on research and develop- 
ment of Standard Oil of New Jersey and some other places in the 
record—not now. 

The Cuatman. I think that would be excellent information for 
us to get from all of the companies. What we are trying to do ulti- 
mately is to have a census made of the amount of research and devel- 
opment throughout the United States, both public and private. We 
are working on it in the United States Government, but you can 
help, and other witnesses can too, in private research. 

If you will, sir, proceed with your prepared statement; we will 
appreciate it. 

Dr. Loneweu. These organizational matters were not included 
in the prepared statement. 

The Cuatrman. You can go as far as you wish in that respect. 

Dr. Lonewewt. I might just expand a little bit on the organiza- 
tion. There are a little over 200 affiliated companies that make up 
the Standard Oil of New Jersey. The Esso Research & Engineer- 
ing Co. is one of these that handles a very large fraction of the en- 
gineering and the research. 

There are other parts of the company that do this. Some of the 
operating affiliates have their own smaller research organizations, 
and there is also a company called Jersey Production Research that 
does research on the problem of finding oil and getting oil out of the 
ground, which is really quite separate from the chemical, the petro- 
chemical work, and the manufacturing research that Esso Research 
& Engineering handles. 

The CuarrMan. Your research covers explosives and propellants? 

Dr. Loneweu. It does at the present time. We have recently 
undertaken some work on advanced solid propellants under contract 
with the Army for the Advanced Research Projects Agency. In 
general we are interested in the energy business and look on rocket 
fuels as a branch of that. 

The CuarrmMan. Just proceed then with your statement. 

Dr. Lonewetu. I will skip the first couple of lines since I have 
already gone over that. My interests in the field of propulsion have 
been concentrated on research on high performance engines as con- 
trasted to development of engines from existing knowledge. My re- 
marks today are therefore concentrated on the effect of research on the 
performance and the applications of solid propellant rockets. 

A statement on the place of the various propulsion systems in space 
and missile technology when made today is based on judgment regard- 
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ing both the actual and potential performance of these choices. One 
can look at this problem from the viewpoint of development of a par- 
ticular vehicle using known techniques and materials or one can at- 
tempt to foresee the improvements that may take place in order to 

ide the choices now being made and to justify research leading to 
improved propulsion. 

Ultimately the choice of propulsion systems for space flight and for 
military missiles will be determined, not by the comparisons and opin- 
ions that we have today, but on the performance of these devices when 
full advantage is taken of the materials and techniques that the laws 
of nature make available to us. 

It is, of course, not possible to accurately predict the results of re- 
search ; however, one can obtain useful guidance from the limitations 
that seem to be imposed by known chemical elements and the laws of 
nature as we now understand them. Knowledge of the known chem- 
ical elements and their known combinations indicates that the most 
efficient chemical propellants are liquefied gases, such as liquid hydro- 
gen, liquid fluorine, and liquid ozone. 

These materials, as you know, require storage at very low tempera- 
tures and the time-consuming difficulties in handling them seems to 
rule them out for military applications where a state of instant readi- 
ness is necessary. 

A practical solution to the problem is to chemically combine these 
elements with others so that the resulting material is either a solid or 
a liquid storable under normal atmospheric conditions. The forces 
that hold these elements together reduce the available energy and it is 
necessary to introduce less desirable elements such as nitrogen as used 
in nitric acid, or carbon as used in gasoline, and in conventional jet 
fuels to bind the more desirable elements of oxygen and hydrogen by 
chemical combination. 

Generally speaking, more binding energy and a larger proportion 
of the less desirable elements are required to form a solid than a liquid 
propellant, so we can expect the storable liquid propellant to inher- 
ently deliver somewhat more impulse for a given weight of propellant. 
Since the small molecules used in liquid propellants are simpler and 
better known, it was possible early in the history of rockets to choose 
quite good liquid propellants, while available materials gave solid 
propellants of relatively low performance. 

Research on solid propellants has, however, resulted in spectacu- 
lar gains in performance due to two things: Development of higher 
energy propellants, and improved control of their burning rate so 
that the weight of the rocket case could be greatly reduced. Further 
gains are foreseeable and I expect that the gap will be further 
reduced, but not completely eliminated. What the final gap will be 
is hard to guess, but it will probably be under 10 percent in specific 
impulse—which is a measure of the amount of thrust for a given 
amount of propellant. 

The weight of metal parts is also of great importance since the 
reduce the payload and limit the velocity that can be obtained. 
Here again, the liquid propellants started out with a considerable 
advantage, but this margin of advantage has narrowed rapidly with 
time. 
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For both solid and liquid propellant engines, it appears that the 
weight of metal parts will be less than 10 percent of the total engine 
plus propellant weight. When one carries a payload of appreciable 
size, the importance of differences in the weight of engine parts 
becomes less important as they become a smaller part of the total 
engine weight. 

Vhile the liquid propellant engine will probably retain some 
advantage in having less weight of engine parts, the magnitude of 
this advantage is expected to diminish with time, since payloads 
will become a larger fraction of the weight that is left after the 
propellants are consumed. 

e are therefore left with the conclusion that we can expect 
storable liquid propellant engines to retain some advantage in weight 
required to do the same job, as compared with solid propellants, 
and that this advantage must be balanced against the advantage 
that solid propellant engines have in compactness and _ reliability, 

Again looking into the future, it is expected that liquid propel- 
lant engines will improve in this regard, but solid propellant engines 
will retain an advantage. The importance of this advantage in reli- 
ability is not expected to diminish with time. 

The premium for instant readiness and absolute reliability of mili- 
tary weapons becomes higher with each year and when the time comes 
to send men into space, an increase in total weight would certainly be 
acceptable if it increases the chances of a safe trip. These considera- 
tions apply particularly to the second and subsequent stages of the 
rocket, since the first stage for space flight is less critical, from a safety 
viewpoint since techniques for escaping following malfunction of the 
first stage can probably be worked out in view of the relatively low 
velocities involved. Also, the very large size and cost of the first 
stage seems to favor the use of liquid propellants because develop- 
ment of very large liquid propellant units now appears easier, as 
do the problems of recovering and reusing the first stage engine. 

I would also like to say a few words about a specific area of 
research on rocket engines. Up until the last year relatively little 
research was done on synthesizing new compounds which would give 
propellants of greatly improved performance. A considerable 
amount of work was done on application of known types of materials 
and considerable progress was made by doing this. 

It has now become apparent that important further gains in pro- 
pellant performance can be expected to arise from synthesis of new 
compounds, and that a sizable effort in chemical research on radically 
new propellants is justified. Such a program has recently been 
started by the Defense Department. 

It is expected that a successful program in propellant chemistry 
will result in at least 10 percent gain in specific impulse over the best 
of present solid propellants and that with a gain of this magnitude, 
the payload in a multistage rocket can be increased by approximately 
50 per cent by substitution of such a propellant in the final stage 
rocket for those now available. 

It is my opinion that, in view of the large gains in performance 
that new materials might provide, research in chemistry leading to 
improved propellants and materials of construction has been under- 
funded, relative to our capabilities of doing research in this field. 
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While there appears to be a general] industry shortage of Ph. D. chem- 
ists, a smaller proportion of them are engaged in defense work than in 
the electrical and mechanical research fields. 

Thus, it is easier to enlist highly trained chemical research person- 
nel. These resources are quite large and we are therefore in a position 
to make more rapid advances in the field of materials resulting from 
research in chemistry, and by doing so would relieve many of the 
problems that, now call for mechanical and electrical research for their 
solution. 

In summary, it is believed that performance of storable liquid pro- 

llant rockets, and solid propellant rockets will be close enough that 
reliability will be a deciding factor in favor of solid propellants for 
most military applications, and possibly for use in second and subse- 
quent stages of space vehicles. It is also believed that emphasis 
should be given to exploratory research on chemistry and metallurgy 
since further improvements depend on new materials and since as a 
Nation we are fortunate in having a large number of scientists with 
advanced training in chemistry. 

The Cuamman. Thank you very much, Dr. Longwell. We appre- 
ciate that statement. It is concise, and it is certainly to the point. 
In accordance with our program, we will call on Mr. John M. Martin, 

neral manager, Explosives Division of the Hereules Powder Co., 
Wilmin n, Del. 

Mr. Martin? 


STATEMENT OF JOHN M. MARTIN, MEMBER OF THE BOARD OF 
DIRECTORS, AND GENERAL MANAGER, EXPLOSIVES DEPART- 
MENT, HERCULES POWDER CO. 


Mr. Martin. Mr. Chairman and members of the Committee on 
Science and Astronautics, I would like to read my statement, if I may. 

The Hercules Powder Co. has been producing solid propellants 
for nearly half a century. For much of that period, their primary 
application has been for cannons, rifles, and other types of guns. 

arly in World War II, in cooperation with the Army, we developed 
a solid propellant charge for the first American rocket—the 
Bazooka—and since that time we have been called upon to develop 
and modify propellants to meet the requirements of a large variety 
of propulsion units. 

he thousands of barrage rockets used against the enemy defenses 

in the Pacific campaign, and the airborne rockets that added to our 
offensive strength in the Pacific and over Korea, were powered by 
solid propellant charges, essentially all of which were produced by 
Hercules at one of several Government-owned plants. At the close 
of hostilities in World War IT, attention was directed towards mis- 
siles of longer range and heavier payloads. ; 

Propellant charges were designed and developed by Hercules, in 
‘cooperation with all three services, for such well-known units as the 
Nike, Terrier, Talos, Snark, Honest John, and other newer units. 

It is significant that the short development lead time required for 
solid propellant charges made it possible to have such units ready for 
‘operational use under the pressure of accelerated wartime demands, 


le 

le 

Ss 

i] 

| 
| 
t | 
t 
| 
| 
| 

| 
| 
) 


90 SPACE PROPULSION 


which in some respects are similar to those that concern us at the 
moment. 

For 45 years Hercules has been concerned with the application 
and use of double-base propellants.. These are made from raw 
materials which are available in more than adequate quantities, as 
demonstrated by the enormous production of World War II. ’ 

Cellulose, either from cotton or from wood pulp, is treated with 
nitric acid to form nitrocellulose; and glycerin, ar ti the natural or 
synthetic variety, is similarly treated to form nitroglycerin. These 
ingredients are combined to form a solid plastic mass known as double- 
base propellant. The performance of the material can be modified 
and controlled by (a) altering the proportion of the two ingredients; 
(b) adding other chemicals to the basic mixture; and (c) changing 
the geometrical form. 

Geometry is important since all solid propellants have one funda- 
mental property; burning begins on all exposed surfaces and con- 
tinues inwardly at a uniform rate, very much as the burning surface 
moves down the length of a cigarette as it is consumed. In the case 
of double-base, as with other solid propellants, all the oxygen required 
for combustion is incorporated in the material, and no outside source 
is needed. 

While the combination of nitrocellulose and nitroglycerin is an 
excellent propellant in its own right, it is also an outstanding high- 
energy binder for other materials that may add to the overall perform- 
ance of a rocket engine. Powdered metals, such as aluminum and 
boron, together with their derivatives or other high-energy materials, 
may be added to the double-base matrix to further increase the 
impulse level. 

Through the popular magazines we have all become familiar with 
the term “specific impulse” as a gage for comparing the performance 
capabilities of available propellants. Specific impulse is probably 
the best yardstick available or comparing the possible performance 
levels of different propellant systems. 

However, the ability to utilize available impulse under actual burn- 
ing conditions makes it necessary to consider other significant factors. 
For example, the propellant made by Hercules for barrage rockets 
of World War II had a specific impulse as high or higher than that 
of many solid propellants that are finding useful application in the 
space efforts of 1959. 

I think it might be interesting to the committee if I could stage 
just a minor illustration here of what we are talking about on these 
various propellants, the old type versus the new. This is sort of a 
crude demonstration but I think it will illustrate somewhat the dif- 
ference in potential. This is the old type propellant [illustrating]. 
You will notice a small strand of it burns very slowly, and in an 
orderly manner, and this is an example of what might be called a 
low impulse propellant. You can extinguish it by blowing it out. 

This is one of the higher impulse types [again illustrating] and I 
think you will notice a marked difference in just the visible effects 
of burning a very small strand. It will give some indication of the 
difference in intensity of burning. 

It has other additives in with the binder and the fuel to give it 
quite an improvement in impulse. It is very difficult to blow out, 
and sustains burning very readily. 
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There are other properties, such as temperature and pressure sensi- 
tivity, that make our newer propellants more attractive, and there 
have been sc 5 pata in other parts of the rocket engine that have 
made it possible to use the potential of the fuel to greater advantage. 

Perhaps the most obvious area of improvement has been in the case 
itself. We have made considerable progress in reducing the weight 
of the vessel needed to hold the pressures which are developed as the 
charge burns. Most rocket cases have been made of steel or other 
metals. 

In the course of Hercules research, aimed at weight reduction of 
inert parts, we have developed a glass reinforced plastic case that has 
demonstrated exceptional advantages, especially for later stages. 
This material is equivalent in weight to magnesium, and its strength 
is comparable with that of many heat-treated steels. 

Its strength-to-weight ratio far exceeds that of any known steel. 
A rocket engine case of this material requires less energy to push into 
the S sonthors than the heavy units that were available a short time 
ago. The metal parts that were required to contain the propellant 
charge of early rockets weighed as much as the propellant charge 
itself. Development effort in this area has greatly improved the mass 
ratio, so that today more than 92 percent of the total weight can be 
useful energy. 

This is an example of this material which will easily support the 
weight of a man standing on it unsupported. It is a mixture of 
fiberglass fibers reinforced with a resin. 

Until recently the role of solid fuel systems in the space program has 
been limited to relatively small but high-performance engines required 
for final stages to carry instrumentation to the desired velocities. 
For example, it has been announced by the National Aeronautics and 
Space Administration that a solid propellant engine of a type origi- 
nally developed by Hercules for Vanguard is scheduled for use in 
four planned space probes this year. NASA also plans to use this 
unit and another made by Hercules of higher energy for the third 
and fourth stages of their Scout rocket. 

In recognition of accomplishments of such units, the Navy adopted 
solid systems for both stages of Polaris missile, and with very obvious 
advantages which have been well publicized. As a result, Hercules 
and other major solid propellant producers are now developing units 
of greater capabilities for the Air Force Minuteman program, as well 
as the Navy Polaris, and other applications. 

There are many advantages to using solid propellants for such large 
applications. Chief among these advantages are reliability, sim- 
pheity, elimination of lengthy countdowns. Also, we can’t ignore the 

act that transportation of large engines can be a major problem. 
Production techniques for double-base charges make it feasible to pro- 
duce and assemble the complete unit, including the plastic chamber, 
at the point of intended launch. 

As we expand the objectives of a space-exploration program, we 
find a need for even larger rocket engines that any that are now under 
development. The scaling up of present designs for solid fuel charges 
does not appear to present any unsurmountable problems. 

We have come a long way since those first Bazooka charges were pro- 
duced, and the increase to charges of sufficient size for use as a first- 
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stage space vehicle will present interesting new technical problems that 
our scientists would appreciate an opportunity to solve. We ‘ 
nize that such a program will be difficult and expensive, but with the 
proper backing, it can be done. 

olid propellant research, development, and production are carried 
out by Hercules at the following locations: 

Bacchus, Utah: Hercules plant, capable of developing and pro- 
ducing large solid propellant grains for both missiles and space 
vehicles. 

Kenvil, N.J.: Development and production facility for solid 
propellent grains and propulsion units of small or medium size, 

Allegany Ballistics Laboratory, Cumberland, Md.: A research 
and development facility operated by Hercules for the Navy 
Bureau of Ordnance. Has originated and passed on for pro- 
duction many of the solid propellant rockets in use today. 

Radford Arsenal, Radford, Va.: An Army Ordnance facilit 
built by Hercules and operated for the production of such field. 
use rockets as Nike, Honest John, Little John, as well as other 
propellants. 

Sunflower Ordnance Works, Lawrence, Kans.: Schedules to be 
on standby. Built and operated by Hercules to produce rocket 
propellants. 

The Cuairman. Now, sir, would you care to place in the record 
something about the size or the scope or character or money value of 
your R. and D. program, research and development. 

Mr. Martin. Yes, sir. Our program is centered at our research 
center in Wilmington, Del. We abe some outlying facilities, but that 
is where our main effort is located. It amounts to, in dollar value, 
about $10 million a year, about 5 percent of our sales, our annual sales, 

The Cuatrman. We thank you very much, sir. Let’s push on to the 
statement of Mr. Richard Geckler. 

Mr. Geckler is vice president of the solid rocket plant of Aerojet- 
General Corp. of Sacramento, Calif. Mr. Geckler, you have a pre- 
pared statement, sir. We would appreciate your proceeding with it. 


STATEMENT OF RICHARD D. GECKLER, VICE PRESIDENT, SOLID 
ROCKET PLANT, AEROJET-GENERAL CORP., SACRAMENTO, CALIF. 


Mr. Gecxuer. All right, I have one and I will read it now. 

In the literature of rocket development it is recorded that after 
many disappointing trials with solid-propellant rockets, the early 
amateur rocket enthusiasts unanimously concluded that progress to- 
ward their goal of space flight would come about only if they switched 
to liquid propellants. One of the best books on the history of rocketry 
comments, for example, that— 
even the most ordinary of liquid fuels, ordinary automotive gasoline, will 
produce an exhaust velocity about twice that of a black powder rocket. 

In the light of such comments it is pertinent to ask why solid- 
propellant rockets should be seriously considered for any applications 
when there are many combinations of liquid propellants available for 
use in rocket powerplants. 

The answer lies in the fact that new solid propellants far superior 
to black powder were invented and tailored specifically to meet rocket 
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uirements while at the same time the scientific and engineering 
principles of rocket design were greatly refined. 

As a consequence we have today solid propellants of nearly equal 
performance to that of the commonly used liquid propellants such 
as oxygen-kerosene while the simplicity of design has led to extremely 
high reliability of operation. For example, the 15-second duration, 
1,000-pound thrust JATO rocket manufactured by my company has 
an observed reliability of 99.998 percent in about 85,000 firings. 

This high reliability of solid-propellant rockets, coupled with their 
other outstanding characteristic, namely much simpler field servicin 

rocedures, has led to their ever greater acceptance by the Arme 

orces in weapon system applications. The Polaris and Minuteman 
weapon systems are outstanding examples of this type of use of solid- 
propellant rockets. 

For the propulsion systems needed in the exploration of space it is 
by no means clear what role will be played eventually by solid-propel- 
lant rockets. At the present time we see no way of achieving with 
solid propellants an exhaust velocity as great as can be obtained by 
liquid hydrogen burned with either liquid oxygen or liquid fluorine. 

On the other hand, propellant performance is not necessarily the 
determining factor in selecting the type of powerplant for any space 
mission. I oon cypem believe that chemical rockets will not be sup- 
planted in space exploration for many years to come, and that the 
special characteristics of solid propellants will enable them to com- 
pete effectively with liquid propellants. 

The storability, reliability, and simplicity in operational use of 
solid-propellant rockets are all characteristics vital to successful space 
exploration that are sufficient to justify continued aggressive develop- 
ment of solid rockets. 

Although great improvements in performance of solid propellants 
have been made in the last few years, there is still room for additional 
advances. These will require the construction of new facilities for 
the manufacture of presently unavailable raw materials with which to 
produce better propellants as well as expanded research and develop- 
ment to obtain new propellant formulations. 

By far the most important requirement in rocket propulsion for 
the space age is the construction of larger rockets. In order to put 
larger payloads into space, we must have larger propulsion systems. 
For liquid-propellant rockets this requirement is commonly expressed 
in terms of the need for higher levels of thrust. 

For solid-propellant rockets, on the contrary, it is comparatively 
easy to achieve as high a thrust as desired. What is more significant 
is the total weight of the rocket. An immediate step to extend our 
technology would be the development of solid-propellant ‘rockets 
weighing on the order of 100,000 pounds. However, there is every 
reason to’commence the development of much larger sizes as well. 

The ultimate factor governing the selection ‘of propulsion systems 
for space exploration will probably be cost.’ ‘This is a complex ques- 
tion for which definitive answers apparently do not exist at the pres- 


ent time. Under normal conditions a solid-propellant rocket will cost. 


somewhere between $2 and $10 per pound of total loaded weight. 
The smaller figure is applicable to simpler designs at a relativel 
high production level; the larger figure is applicable to more compli- 
41260—59——7 
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cated designs at relatively low levels of production. Even lower and 
higher figures are possible under exceptional circumstances. 

Because large production levels are not likely to be achieved with 
propulsion systems for space exploration, the development cost can be 
an appreciable factor requiring consideration. Moreover, the costs 
associated with field operations are influenced by the type of pro- 
pulsion system being used. 

In view of these complicating factors I believe it would be mis- 
leading to make any final assertions regarding the comparative costs 
of liquid and solid-propellant rockets. However, there is no indica- 
tion that solid rockets could not compete favorably under most 
circumstances. 

In conclusion I should like to state that in view of the rapidly 
changing technology and the variety of circumstances governing the 
use of rocket powerplants it is virtually impossible to give a clear-cut 
answer to the often-asked question, “Which is better, liquids or 
solids?” 

Our position today in rocket development may be similar to the 
early days of automobile development when the comparative merits 
of the internal combustion engine and the steam engine required many 
years to finally assess. With the accumulation of additional expe- 
rience we may eventually establish that solid- and liquid-propellant 
rockets are substantially equivalent as is the case with matches and 
cigarette lighters. To ask which is the better, is almost a meaningless 
question. 

In the meantime continued development of both solids and liquids 
with adequate attention to areas requiring basic research appears 
necessary for accomplishing the next steps in our conquest of space. 

The Cuarrman. Thank you very much, Mr. Geckler. Those are 
three excellent statements, every one of them, very fine. 

Now we have Dr. Harold W. Ritchey, vice president and technical 
director of Thiokol Chemical Corp. 

Doctor, you have a statement here, a rather lengthy statement, for 
our committee. But a part of it is made up with diagrams. Do you 
want to follow the statement 

Dr. Rrrenry. I would prefer not to, Mr. Chairman. I am going 
to follow the thoughts in the statement but not the direct wording 
because it is too long. Because of this I have passed out the diagrams 
in separate form and from time to time I will refer to these as I am 
talking. 

The Cuarrman. Excuse me just a moment. If I could ask Mr. 
Geckler, could you on behalf of the Aerojet-General Corp. give us 
some idea—you could put it in the record if you wish to—of the size 
and the scope of your R. & D. program there, in dollars and cents, and 
the characteristics of it if you wish ? 

Mr. Grecxuer. Yes, sir. The solid rocket plant employs about 5,000 
people. It conducts almost all of the research, development and pro- 
duction of solid rockets for the Aerojet-General Corp. The total cor- 
poration has about 17,000 people. 

The Cuamman. Would you say 5,000 people are the extent of the 
R. & D. program ? 
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Mr. Gecxier. No, sir. Approximately 80 percent of that would be | 
research and development. The other 20 percent would be routine 
roduction. 
The Cuamman. What would you estimate your cost at? 
Mr. Greckuer. This year it would be something in excess of $150 
million. 
The Cuarrman. Wecertainly thank you. 
Dr. Rrrcnry. As I said, gentlemen, I will follow the thoughts in 
the prepared statement but not the exact wording so we can get 
through in a little less time than it would take to read it. 


STATEMENT OF DR. HAROLD W. RITCHEY, VICE PRESIDENT AND | 
TECHNICAL DIRECTOR, ROCKET DIVISIONS, THIOKOL CHEMICAL | 
CORP. 


(The following prepared statement was filed for the record :) 


The area in which Thiokol solid propellant motors are applicable to space 
ean be divided into two general classes. One is the method for propelling the 
desired vehicle into space, and the second is the method for operating and 
maneuvering the vehicle after it is in space. 

Since current problems are primarily associated with getting into space, we 
shall limit this discussion to the first area. It appears that the immediate 
future is divided also into two requirement areas. The first is the propulsion 
of experimental, test type vehicles for space research exploration to obtain 
scientific data. Such investigations will require large numbers of vehicles and, | 
therefore, the economy and reliability as currently demonstrated by solid pro- 
pellant rocket motors is a paramount feature of this first area. 

The second area is the propulsion of vehicles to reach the objective of 
operating in space, which means that we must accelerate larger payloads to 
satellite and escape velocities. There appears to be a common misconception 
of the term “payload.” It is defined here as that weight of instruments, nose a 
cone, equipment, ete., that is placed in orbit or pushed to escape velocity. That 
portion of the propulsion system which is also accelerated to final velocity is 
not included in the payload weights. 

The acceleration of an object in space is a rather involved technical subject. 

In general, the smaller the payload with respect to the size of the powerplant, 
the higher the velocity that will be achieved. If the payload rate is reduced 
to zero, however, there is no useful payload weight, but acceleration must be 
applied to those portions of the propulsion system that remain after the fuel 
has been completely expended. In general, this remaining portion includes the 
case, nozzle and any motor controls that may be required. Thiokol research and 
development is directed toward the reduction of the weight of these items in 
order to reduce the weight of inert components that must be accelerated to 
final velocity. This requires a concentrated research and development effort 
in many fields. These fields include propellant chemistry, chemical thermo- 
dynamics, high polymer research, propellant formulation, combustion kinetics, 
metallurgical improvements of inert components, plastic insulation and compo- 
nents, nozzle and case fabrication, and practically all fields of scientific endeavor. 
The object of this work is to increase the performance of solid propellant motors 
so that larger payloads can be placed into orbit or space. 

In general, there are two primary features of a propulsion unit which must be 
considered in relation to performance. The first is commonly referred to as 
specific impulse, the energy of the propellant. The second is the propellant 
weight fraction, which is the ratio of propellant weight to the total weight of 
the powerplant. Current weight fractions are between 85 and 90 percent. The 
weight fractions of some items encountered in everyday life may be useful for 
comparison purposes. 

A can of beer is 81.4 percent payload and the rest of it is inert components, 
the can itself. If rockets were made so poorly, little would be accomplished. 
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An egg is a little better, with 89.6 percent of useful content and the rest shell. 
This is within the range of solid rocket motors. 

A candy bar’s ratio of useful content to total weight is 95.6 percent, which is 
— good. Many rockets flying today are not nearly so good as the candy 

ar. 

A packaged loaf of bread is even better with 97.7 percent of usable weight, 
This is a fine objective to set but there is a tremendous amount of work ahead 
before such weight fractions can be achieved for solid propellant rocket motors. 
A motor case and nozzle is not just a wrapper around the propellant. The case 
must sustain pressure and the nozzle must withstand heat above the melting 
point of steel or the rocket will not work, so achieving something close to the 
packaging efficiency of a loaf of bread looks like a most difficult proposition. 

Weight fractions of 85 to 90 percent represent a significant improvement over 
World War II rockets. This major stride forward in performance has been pri- 
marily attributable to the case-bonded, internal burning solid propellant type 
motor. The case-bonded internal burning technique was invented at the end of 
World War II by the Jet Propulsion Laboratory under Army sponsorship. Thio- 
kol was engaged by the Army to develop this technology and to apply it to com- 
plete rocket motors. During the entire period of activity in the solid propellant 
motor field, Thiokol has used this advanced technique in all of its many rocket 
motor development programs. 

Figure 1 shows a cross-section of an internal burning, case-bonded solid 
propellant rocket motor, 
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SUCCESSIVE SURFACE 
CONFIGURATIONS AS 
BURNING PROGRESSES 


Cross section of typical internal burning case-bonded configuration. 
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The propellant burns from the inside outward in a uniform fashion and at 
an even rate from all exposed burning surfaces. The case is protected by the 
propellant itself from the heat of the combustion gases. Because of this, the 
ease weight can be reduced to a minimum which enables high propellant weight 
fractions to be achieved. 

As previously mentioned, the final velocity of a payload will increase as 
the ratio of payload to motor weight decreases. Even if the payload weight 
is reduced to zero, there is a limitation on the maximum velocity that a motor 
ean achieve. Because of this limitation, there is a definite maximum velocity 
limit that a single motor stage of operation can achieve. If higher velocity 
is desired, an additional stage or stages of operation must be provided. 
Thiokol’s experience has included as high as five stages of propulsion. 

Staging permits the case and nozzle of one stage to be dropped before the 
next stages begins its operation. This results in a marked reduction in the ratio 
of initial gross take-off weight to payload weight that is required for achiev- 
ing a desired velocity. As shown on figure 2, which is based on assumed 
performance values lower than are attainable with current technology, a limit 
of approximately 12,000 feet per second is shown for a single vehicle. 

(Fig. 2 follows.) 
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Takeoff to payload-weight ratio versus terminal vertical velocity. 
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By use of additional stages, higher velocities are attainable. For instance, 
a velocity of 20,000 feet per second can be obtained with two or more stages 
and the ratio of take-off weight to payload weight will decrease as more 
stages are used. For a two-stage vehicle, the gross take-off weight will be 
200 times the payload weight, and for a three-stage vehicle, the gross take-off 
weight will be 50 times the payload weight. 

One of the earliest well-known applications of a multiple stage vehicle was 
the Air Force-Lockheed re-entry test vehicle, designated as the X-17 and shown 
on figure 3. 


FIGureE 3 


Photograph of Lockheed-Air Force X-17 re-entry test vehicle. 
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The X-17 is a three-stage vehicle utilizing an XM20 as the first stage, 
three XM-19 motors bundled together to operate in unison as the second 
stage, and a single XM-19 as the third stage. Actually, this vehicle operated 
with the first stage accelerating the vehicle to altitude and the second and 
third stages accelerating the payload back to earth. In one case, however, 
a malfunction occurred in the firing circuitry and all three stages operated 
on the way up. This occurred in September of 1956, and although the final 
stage and payload were not recovered to our knowledge, calculations show 
that the range for this flight was approximately 860 nautical miles. This 
vehicle was used to determine reentry nose cone problems and tests were 
conducted from Patrick Air Force Base in 1956-58. 

The staging principle has also been used in all of this country’s space opera- 
tions. The most recent was the Army’s Juno II whose last three stages were 
solid propellant rocket motors. 

Many detailed staging studies have been conducted. These involve consider- 
ations of gravity, aerodynamic drag, aerodynamic heating, control problems, the 
number of stages, effects of motor design considerations, and other detailed tech. 
nical considerations. In general, however, optimum performance of a staged 
vehicle is achieved when the payload is one-fourth the stage weight of the pro- 
pulsion system or, in reverse, that the stage weight is four times the weight of 
the payload. In a three-stage vehicle, the weight of the third-stage motor must 
add to the weight of the payload to determine the weight the second-stage motor 
must propel; the weight of the payload, the third-stage motor, and the second- 
stage motor is the weight the first stage must propel. Depending upon the exact 
specific impulse of the propellant and the propellant weight fraction for the 
motor, a velocity increase for each stage of between 7,000 and 8,000 feet per sec- 
ond is obtained. Since it requires approximately 25,000 feet per second to achieve 
satellite velocity and 37,000 feet per second to achieve escape velocity, four and 
five-stage vehicles, respectively, are required to obtain these conditions. 

Following the optimized ratio of stage motor weight equaling four times the 
payload weight, the gross take-off weight of a staged vehicle can be calculated 
as shown in figure 4. 
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As shown, a ratio of approximately 625 pounds per pound of payload is re- 
quired for orbital velocity, and for escape velocity, a ratio of 3,125 pounds per 
pound of payload is required. Performance improvements which might be rep- 
resented by the current state of the art or current development will, of course, 
improve both the specific impulse of the propellant and the propellant weight 
fraction of the complete powerplant. Such improvements will markedly reduce 
the ratio of gross takeoff weight to payload weight required to achieve satellite 
and escape velocities. A tabulation of the gross takeoff weights for such arbi- 
trarily assumed performance values are shown below in order to show the effect 
of improvement in performance. 


Table I.—Escape velocity 


Specific impulse (equivalent value of 1,000 p.s.i.) _-------------_-- 250 290 
Takeoff weight per pound of payload________-____-_-_-_--_---~- 625 125 


Even with these improvements in specific impulse and propellant weight 
fraction, it can be seen that the gross takeoff weights to achieve escape velocity 
ean be expected to be somewhere between the 3,125-to-1 ratio of figure 4 and 
125-to-1 of table 1. 

Assume that a level of improvement will occur which will permit the gross 
takeoff weight to be approximately 125 times the payload weight in order to 
achieve escape velocity. Further, assume it is desired to place a payload of 
3,000 into escape velocity. The gross takeoff weight would be 375,000 pounds, 
and the first-stage motor would weigh 300,000 pounds. It is obvious then that 
the first-stage motor must produce a thrust higher than the weight of the 
missile in order to get it to accelerate from its launch position. 

This launching phase of operation is very critical. A thrust greater than the 
weight of the vehicle must be developed in order to even move it slightly off the 
ground. In addition, as the thrust-to-weight ratio increases, the acceleration 
at which the missile takes off increases. If a thrust of one-and-one-half times 
the weight of the missile is provided, two-thirds of the energy is used in over- 
coming gravity and only one-third of the energy is used to accelerate the vehicle. 

Assume a thrust of 10 times the weight of the missile is provided. Here 
again a thrust value of one times the weight is required to overcome gravity, 
but in this case 10 percent of the energy overcomes gravity, and 90 percent of 
the energy is available to accelerate the vehicle into space. For this reason, 
the lowest weight and, therefore, the cheapest and the easiest motor to develop 
is one that can take off at a high enough thrust level to use the greatest per- 
centage of its energy in accelerating the vehicle. There are, of course, limita- 
tions to the magnitude of acceleration because a man or even a black box has 
certain physical limitations as to the acceleration he can withstand and con- 
tinue to operate properly. An initial thrust-to-weight ratio of between 5 and 
10, however, appears desirable in order to optimize this particular effect. On 
this basis, assume a value of thrust-to-weight ratio of 5-to-1 for the previous 
example in which a 3,000-pound payload was placed into space. Since the initial 
weight of the vehicle was 375,000 pounds, the thrust must equal five times the 
weight of the vehicle, and 1,875,000 pounds of thrust must be provided. Thrust 
of this magnitude and even higher can be provided by large, simple, and reliable 
solid propellant rocket motors. 

In addition to various considerations previously discussed, motor controls 
must be considered for proper stage operation for getting payloads into space, 
and also for maneuvering in space. Such controls are (1) thrust vector con- 
trol; (2) thrust termination or cancellation; and (3) thrust modulation. 

Thrust vector control is required to control the direction and attitude of the 
vehicle. Moderate forces may be required to correct mechanical malalinement 
and to compensate for gusts during periods of take off, and of course thrust 
vector control is required at altitudes where the density of the atmosphere 
is not sufficient to permit aerodynamic control. 

One of the old and classical methods for obtaining thrust vector control is 
by the use of jet vanes. Conventional applications usually require four jet vanes 
as shown in figure 5. 
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Jet vanes. 


Jet vanes have the advantage of providing roll control as well as side vectors, 
but have the disadvantage of introducing thrust losses and present difficult 
material problems due to the high temperature of the exhaust gases. A second 
method of thrust vector control commonly referred to as the jetevator is shown 


schematically in figure 6. 
FIGURE 6 
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Jetevator. 


In contrast to the jet vane, which is exposed to the high temperature gases 
during the entire operation of the motor, the jetevator is emerged in the jet 
Stream only for the time the control forces are needed, thereby, overcoming 
some of the problems found in jet vanes. 

The third device, flexible nozzles, is based upon the nozzle being connected 
to the motor by a flexible coupling. From the standpoint of drag loss, this 
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device is the most efficient of the three. Also, roll control can be obtained by 
the use of multiple flexible nozzles. The flexible nozzle is shown schematically 
in figure 7. 

FIGURE 7 
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Flexible nozzle. 


Thrust termination or cancellation is required for total impulse control in 
order to control precisely the final velocity and is sometimes necessary to sepa- 
rate stages. Thrust termination is achieved by the sudden opening of addi- 
tional nozzle throat area of sufficient magnitude to set off a shock expansion 
wave inside the combustion chamber that extinguishes the propellant burning. 
A schematic of this method of thrust termination is shown in figure 8. 
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Aft-end thrust reversal system. 
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Thrust cancellation or thrust reversal is accomplished by opening additional 
nozzle throat area so that the thrust from the reversal nozzle is opposed to the 
primary nozzle and, by the proper selection of throat size, an actual negative 
thrust is obtained. This is demonstrated in figure 9. 


FIGurE 9 
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Head-end thrust reversal system. 


Thrust modulation is desirable in order to vary the level of thrust during 
motor operation. Although a large amount of work yet remains to be done, it 
is believed to be entirely feasible to vary the throat size during motor operation, 
thereby varying the chamber pressure and resulting thrust level. Another 
possible method of accomplishing this is shown in figure 10. 
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Current physical size limitations of large solid propellant rocket motors are 
generally agreed to be approximately 80,000 pounds total weight and 12 feet in 
diameter. The 80,000 pound weight limitation is established by the load carrying 
capacities of highway and railway bridges. 

The 12-foot-diameter limitation is established by the clearance of underpasses 
and obstructions along right-of-ways. This size limitation can be overcome 
easily by use of special means of transportation, such as airships. This method 
of transportation would be applicable, of course, for peacetime applications 
within the continental limits of the United States. The limit to the size which 
would be lifted in this manner would be established primarily by the size and 
number of available airships. 

Since transportation facilities are the only size limitation on large solid propel- 
lant rocket motors, this can also be overcome by onsite motor manufacture. In 
this instance the motor case or chamber could be fabricated in sections and trans- 
ported to the manufacturing site for assembly. 

Propellant would be loaded into the motor by a mobile casting method which 
has been studied in great detail by the Thiokol organization and is believed to 
be not only feasible but very desirable. 

By this method the size of solid propellant rocket motors is unlimited. Such 
motors would be launched from the manufacturing area because of transporta- 
tion limitations. Extremely large motors of this type, even significantly larger 
than the 300,000-pound example discussed previously, would be ready for launch 
at the exact instant that the sun, moon and the planets are in their most advan- 
tageous relative positions. 

The timeliness of launch is very important, and the simplicity of the large solid 
propellant motor is the answer. They supply a very reliable propulsion system 
for which the countdown time is reduced to a simple check of one electrical 
ignition circuit. 

Large motors can be fired within a few hours after manufacture is completed 
or they can be stored indefinitely, ready for use within minutes after a decision 
is made to fire. 

Thiokol’s experience in the large solid propellant rocket motor field dates back 
to March 1953, with the manufacture of the first “large’’ motor, which was 50 
times larger than any previously manufactured. This motor contained 5,000 
pounds of propellant and was used to launch successfully the RV—A-10 Hermes 
test vehicle. 

Further contributions to the large motor field followed with the XM-12 motor 
for the Sergeant missile, containing almost 6,000 pounds of propellant and the 
XM-20, XM-33, and XM-36 motors, containing more than 7,000 pounds of 
propellant. 

During 1958, Thiokol added two new “firsts”: one, the successful static test 
firing of a motor containing more than 20,000 pounds of propellant; and second, 
a motor which developed a thrust of several hundred thousand pounds—the 
highest thrust single unit motor, either liquid or solid, known to have been tested 
in the free world. 

Because of unconventional terminology used in describing energy released from 
a rocket motor, it is sometimes difficult to compare power of a rocket to known 
standards. It may be interesting to consider the horsepower developed by a 
solid rocket motor and compare it to automobile engines or other prime movers 
in common everyday use. 

As an example, a small motor developed in 1951 produces 33,400 horsepower. 
This motor is an obsolete powerplant, and, compared to current values in excess 
of 5 million horsepower, is a Model T Ford engine compared to today’s high 
performance V-8’s. 

Thiokol Chemical Corp. operates five rocket divisions, as follows: 

Elkton Division: Elkton, Md.; Longhorn Division: Marshall, Tex.; Reaction 
Motors Division: Denville, N.J.; Redstone Division: Huntsville, Ala.; and Utah 
Division: Brigham City, Utah. 

Four of the divisions are engaged in research, development, and production 
activities in the solid propellant motor field. The Reaction Motors Division is 
primarily engaged in various types of liquid rocket propulsion systems as well 
as advanced propulsion devices. 

The Elkton, Reaction Motors, and Utah divisions are company-owned, whereas 
the Redstone and Longhorn divisions are Government-owned facilities operated 
by Thiokol Chemical Corp. More than 21,000 acres are utilized by these divisions 
and there are more than 7,000 employees. 
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The contributions by Thiokol in the solid propellant motor field are well dem- 
onstrated by the development record and reliability of programs including 
Falcon, Lacrosse, Sergeant, Nike-Hercules, Matador, Polaris test vehicle, and 
the Lockheed X-17. 

The reliance that is being placed on this organization is demonstrated by the 
importance of the programs in which it is currently engaged: production and 
improvement programs for the Falcon, Lacrosse, Sergeant, Nike-Hercules, and 
Matador ; and development programs including Sub-Roc, Minuteman, Genii, Nike- 
Zeus, Bomarc, Pershing, and NASA space propulsion programs. 

Dr. Rircury. We discussed rather extensively yesterday a lot of 
the things people expect of rockets. Some of these are low cost. 
Sometimes we expect them to operate over very wide temperature 
range or to be storable, let’s say, under long-term conditions and in a 
very hostile environment such as outer space. 

If you look at the technical requirements, however, you find two 
principal things, and a third thing, that are fundamental, applying 
to all rocket systems, whether solid or liquid. These three things 
are simply as follows: 

First, the fuel specific impulse or the fuel energy, if you want to 
call it this. Second, the mass ratio of fuel to the inert components 
of the rocket engine—well, I am really talking about the mass ratio 
of fuel to the total rocket when it is loaded and ready to go. These 
two things are fundamental in the operation of any rocket, and the 
only two things that count so far as the velocity you can get by burn- 
ing a rocket engine in outer space. 

tn the operation in a gravitational field there is a third thing that 
counts. This is the ratio of thrust to weight. The reason why this 
is important is simply this: When you burn a rocket you want the 
missile to move. If you tie a rocket down and burn it, all the energy 
in the fuel goes into the exhaust stream and no energy goes into the 
missile itself because the missile doesn’t move. 

- The same thing is true if the missile is loose and free to go. If the 
thrust is less than the weight, it sits on the ground and burns fuel 
until the thrust becomes greater than the weight, and then it takes off. 

The same thing is true when it flies, to a lesser degree. If the thrust 
isnot appreciably greater than the weight, then we have a lot of energy 
wasted in what we call g losses, fighting the gravitational field. So 
there is a third thing that is important in a rocket in the gravitational 
field and this is the thrust-to-weight ratio. 

Getting back to the solid propellant rockets: For a long time a con- 
troversy raged in the industry as to whether it was better to make the 
propellant charge separately and load it as a cartridge into the rocket 
engine, or whether it was better to mix the propellant charge as a 
liquid slurry, pour it into the rocket engine, and case-bond it to the 
shell of the vessel. 

This latter concept was first started by the Jet Propulsion Labora- 
tory in California. I was quizzed extensively yesterday about the 
price of Thiokol stock—why it was so high. If I could point to any 
one thing, I think it would be the fact that we hitched our fate to the 
future of the internal-burning, case-bonded propellant charge, and 
4 has become almost universally accepted throughout the industry 

ay. 

a heure 1 (see p. 96) you have a cross section of the internal burn- 
ing propellant charge, showing how the flame progresses from the in- 
side perforation—which is a six-pointed star in this case—outward in 
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uniform layers. This can be designed so that the surface area stays 
constant, which means that you get a constant thrust with respect to 
time. 

I have another configuration here which is an actual cross section 
cut from the Falcon engine. This isa dummy propellant. In this case 
we substituted ordinary table salt for the oxidizer so it will not burn, 
Incidentally, it also has staining characteristics, so be careful with 
it. That is the actual cross section from a Falcon engine except it is 
loaded with dummy propellant rather than live propellant. [ Passes 
around the sample. | 

The actual propellant has a characteristic of an old, beat-up pencil 
eraser. It is elastic, low modulus, very flexible. It has to be, in order 
to bond to the shell. It is quite safe. It does burn, however, when 
ignited, with a very intense flame as I will show you. 

Here again I am going to pass these around. This is live propellant, 
When it is ignited, don’t try to put it out, because you can’t. [Passes 
around the sample. | 

Mr. Futon. Will you be able to put it out ? 

Dr. Rrrewey. You cannot. It will burn up. There is no way to 
put it out. I am going to burn a little bit of this for you. Here 
again I will probably start a fire or break the ashtray. [ Demonstrates, 
producing a brilliant light and clouds of smoke. } 

This material is made with an elastomeric binder that can be proc- 
essed in a fluid form. I might say liquid, but it hardly describes 
it because it looks almost like toothpaste when mixed with ammonium, 
irr gage Most of your propellants today, solid propellants, are 

ased on ammonium perchlorate in one form or another, mixed with 
some kind of fuel binder. 

Getting into some of the things that are important in the use of 
a solid propellant rocket engine, we have already mentioned fuel 
energy. I would like to mention briefly this question of mass ratio 
and staging. It is very important, as we have mentioned many times, 
to keep the inner components as light as possible, which means you 
must use as strong a structure to contain the propellant as possible, 
and also to try to shield it from the heat of the propellant flame dur- 
ing burning. 

This is very important and is illustrated in figure 2 (see p. 98) 
to some extent, where you find that the maximum velocity you can get 
per stage—that is, the velocity you can get per stage does approach 
a maximum, depending upon its mass ratio. 

Because of this, if you want to get high velocities as illustrated in 
figure 2, you must use multiple stages. In other words, as the rocket 
burns, you drop off the inert components when the first stage is burned 
out. If you have two stages or three stages, you keep dropping off the 
inert components as you go. Getting rid of these gives you effectively 
a higher mass ratio and a higher burn-out velocity. 

Because of this, necessity for staging and the simplicity of solid 
rockets, they have been used on upper stages. Figure 3 (see p. 99) 
is an illustration here of the Lockheed Air Force X-17 reentry test 
vehicle. This weighed roughly five tons at take-off, and there have 
been several dozen of these fired in flight with practically no failures 
that could be attributed to the rocket engines. 
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This is a three-stage vehicle, and solid propellants, as I say, have 
been used extensively for upper stages because of their reliability 
and ease of ignition. ‘This particular one was supposed to fire up 
into the air and then back down again in order to test the reentry 
conditions. ‘The firing circuitry in one of them did go wrong and 


- jt went something over 800 miles as far as we can determine, even 


though it was not fired for maximum range. 

The matter of staging, you understand, is much like asking your- 
self the question of how you would get up a very, very long hill, which 
of course, is the earth’s gravitational hill, where there are no filling 
stations. If you wanted to go a long distance you might start out 
with a gasoline truck and alongside this you would tow a pickup 
truck with oil drums in it and finally after the gasoline is burned out 
of each successive vehicle you might get on a motorcycle and ride as 
far up the hill as you could. This is essentially the principle of the 
stage vehicle. 

The more stages we put together, the farther up the hill we go, 
until finally we can climb the hill completely or achieve escape 
velocity. 

In figure 4 (see p. 101) you will see some tabulations here using 
what you might call conventional existing solid propellant rockets 
as they might be put together today. These calculations are made 
approximately with the stage ratio of one to four. In other words, 
everything above the rocket engine that is burning weighs one-fourth 
of the rocket that is burning when the combustion actually started. 

For mathematical reasons—I won’t try to discuss this—this 
comes close to being the optimum staging ratio. In other words, a 
weight ratio of four to one is optimum for many purposes. 

This (fig. 4) represents what might be done with existing solid 
rockets today for an escape velocity vehicle where, if we want to put 
one pound of payload to an escape velocity—let’s say around the sun 
or past the moon—the takeoff weight of this vehicle at the time it 
was ignited on the ground would be about 3,125 pounds for each 
pound of payload. 

With existing materials, this is approximately the problem we have 
facing us in the solid rocket fuels. With improvements, however, this 
ratio can be reduced. It is certainly very apparent it is important 
to reduce it, because if we want to put 1,000 pounds into escape 
velocity with this kind of a rocket, we would have over 3 million 
pounds of takeoff weight. . 

The effect of specific impulse in reducing this ratio is depicted in 
table No. 1. These calculations are made on exactly the same basis, 
except that the first column here has 250 specific impulse propellant 
at. sea level conditions, and the second one has 290. 

By increasing the specific impulse by this value we can reduce the 
takeoff weight from 625. By the way, the first calculation (fig. 4) 
was made with a different set of conditions; the ratio 3,125 involved 
a lower specific impulse and a lower mass ratio. With a specific 
impulse of 250 and a mass ratio of 92 percent—in other words, the 
rocket engine itself is 92 percent propellant—we have a ratio of 625 
pounds of takeoff weight to one of payload to get escape velocity. 
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By merely increasing the specific impulse to 290, we can drop off one 
ni ie stage which brings our ratio down to 125 to one. 

I cannot tell you in an unclassified session exactly where in this 
realm we are, whether we are at 3,125 or 125 pounds to 1. I will be 
glad to discuss this subject in more detail Friday, if you care. 

One of the things that has been mentioned about solid-propellant 
rockets is the inability to control them—to cut them off, or to con- 
trol the direction of thrust. I am not going to take the time, this 
morning, to discuss these next charts, but these do show some of the 
things that can be done to the solid-propellant rockets to control the 
direction of thrust, to cut the rocket off (cause a cessation of burn- 
ing when you have enough velocity), or to modulate the thrust—in 
other words, to change the level of thrust at the will of some intelli- 
gence or some sort of command. 

These are the three things that you ordinarily wish to do in certain 
types of vehicles. The next portion of this writeup discusses some 
of the means for doing this. I will not take the time to go into this 
in detail this morning. 

We mentioned cate the importance of thrust-to-weight ratio. I 
would like to bring up this subject again in relation to this age-old 
controversy of solids versus liquids. Each of them has its own special 
advantages and places where it should best be used. The simplicity, 
ruggedness, ease of handling, and instant readiness of solid rockets 
indicates that they should receive first consideration for most militar 
applications. However, as things stand today, the liquid rockets still 
have a higher impulse, and for many applications this is a very, very 
mmpaesent matter and produces a lot of payoff. 

n order to get good mass ratios in a liquid rocket, you must load 
this rocket up with fuel, put a tremendous amount of fuel on board, 
to the point where the thrust-to-weight ratio is relatively low. In 
other words, in taking off within the earth’s gravitational field, the g 
losses frequently are so high that the advantage of specific impulse 
is lost. 

For this reason, one of the places where liquid engines can pay off 
in a tremendous way, where they can really outperform solids in a big 
way in reference to the present state of the art, is on the upper stages 
of space vehicles where gravitational field has very little effect. Under 
these conditions a liquid engine can be loaded with fuel to the place 
where the thrust to weight ratio is perhaps less than one, or even 
much less than one. Very high mass ratios can be obtained under 
these conditions, and correspondingly high velocities per burning of 
the stage can be imparted to the vehicle. 

However, the solid Bo ellent impulse is low compared to the 
liquid—and by the way I think I can quote some figures. 

This material I showed you was basically hydrocarbon and am- 
monium perchlorate. The peak impulse available with this is around 
250 pound seconds per pound. This compares with a figure quoted 
yesterday by Mr. Hoffman, I believe, of 273 pound seconds per pound 
for oxygen and petroleum hydrocarbon fuel.. 

However, this solid material is more dense. In other words, you 
can pack more of it in a given volume and frequently the greater 
density impulse also produces an advantage in the final engine, par- 
ticularly here when you are operating in an atmosphere and drag 
becomes a major consideration—the atmospheric friction. 
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Mr. eon Has there been any work done on that density 
roblem 
E Dr. Rrrcnery. Yes, sir. You are talking about the solid field or 
the liquid ¢ 

Mr. Fuuron. In the whole fuel field. I was thinking of some of 
the dense materials we knew that must be on some of the stars that 
weigh 200,000 pounds per cubic inch. 

Dr. Rrrcury. It would be very nice if we had some of that mate- 
rial on earth, but I don’t think anyone has ever produced it. We have 
to take, in the density problem, the conventional chemical materials 
and do the best we can with them. How to do the best we can becomes 
a very complex problem, but certainly there has been a lot of attention 
given to this matter. 

The Cuarrman. The advantage of density, as I understand it, is 
that it permits the fuel to burn longer. Is that correct ? 

Dr. Rrrcney. The advantage of density is merely this: You can 

ck more material in terms of pounds into a given volume, into 
your fuel tanks, let’s say. 

The Cuarmman. And consequently the same size would burn 
longer ¢ 

Dr. Rircnry. Or produce more energy, that is right, yes. With 
the same thrust it will burn longer—you can put it this way. 

Mr. Futron. Much less mass. Is the mass less? 

Dr. Rrrcney. The main advantage here is cross-sectional area which 
affects the — The lower volume you can get, the lower cross- 
sectional area for a given energy, the less drag. Here again this is 
primarily of importance when you are operating within the atmos- 
yhere. 

The Cuarrman. Just proceed so we can finish your statement. We 
want to hear it out. 

Dr. Rircury. There is one other matter I would like to touch on 
briefly, and this is a matter of size. I am essentially in agreement 
with everything that was said yesterday on the relative advantages 
of the liquids and the other controversial issues, except for perhaps 
one thing. In obtaining a million to a million and half pounds 
of thrust from a liquid engine, you have to pump about 4,000 pounds 
of propellants per second. This is two different liquids that have to 
be pumped in the right ratio and injected into a combustion cham- 
ber. This is a Herculean task at the least. I am not willing to 
say that people can’t make one that will develop a 10-million-pound 
thrust in a single combustor, but here again I think that pumping 
40,000 pounds of fuel per second is an even more Herculean task. 

In solid rocket technology, we mix and inject propellants into the 
combustion chamber at the rocket manufacturing plant. They are 
already there, and all we have to do is ignite them. The pump- 
ing — is not present. For that reason, solid rockets have a 
capability, a fundamental capability, of developing higher thrusts 
without encountering the tremendous mechanical difficulties of 
= very large volumes of propellants against a high pressure 

ead, 


One of the troubles, of course, you run into, is this: a million- 
pound-thrust rocket. that burns for a hundred seconds, whether solid 
or liquid, will weigh someplace in the order of half a million pounds. 
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This means, whether solid or liquid, that the propellants must be 
put into the system at the launching site. 

One of the problems we have been studying and we think it is 
quite solvable—in fact, a relatively easy problem—is a method of 
loading a very large, solid-propellant rocket at the launching site, 
With the development of this technology, there is no size limitation 
in the foreseeable future on solid rockets. There is no limit, real 
fundamental limit, on how big they can be made or how much thrust 
can be obtained from them. 

Just a word about the company. I notice you asked the other 
witnesses questions about their operations. We actually have five 
rocket plants: The Reaction Motors Division at Denville and Rock- 
away, N.J.; the Elkton Division at Elkton, Md.; the Redstone Divi- 
sion at Huntsville, Ala.; the Longhorn Division at Marshall, Tex.; 
and the Utah Division near Brigham City. 

We have about 7,000 employees altogether in our rocket engine 
business, of whom about 5,000, about the same as Mr. Geckler men- 
tioned, are actually engaged in solid rocket work in one form or 
another. 

Of our total business volume, I would guess in 1958 somewhere 
between $20 and $25 million were expended on what might be called 
research and development effort. Most of this effort was develop- 
ment. Very, very little of it went into what might be called ad- 
vanced research, and I expected to be asked this morning how much 
we had spent last year on the simple problem of doing research on 
materials that might give specific impulse values above 260 pound- 
seconds per pound. 

Mr. Fuuron. You are asked now. 

Dr. Rrrcney. We came to the conclusion we have probably spent 
in 1958 less than $100,000 on this particular problem, and it was not 
spent in an integrated attack on it. It was spent on a sort of an odds- 
and-ends basis, a little bit here and a little bit there. 

The Cuarrman. That really presents something that we could 
very well look into, doesn’t it ? 

. Rrreney. I 

The Cuarrman, I mean we, as a committee, could make recom- 
mendations in reference to that. 

Dr. Rrrcuey. This concludes my remarks, gentlemen. I thank you 
very much. 

he CHamrmMan. Well, it is an excellent statement, sir, and we 
appreciate being allowed ready reference to your material. 
r. Teague? 

Mr. Teague. Doctor, in your liquid and solid fuels, what is the 
relationship between the total weight and your payload? What 
part do the fuels play ? 

Dr. Rrrcney. The total weight and the payload ? 

Mr. Tracue. Right. 

Dr. Rrrewey. You can’t make any definite statement about this 
because you have to look at the missile itself and what it is intended 
todo. Some of these things are artillery rockets. They are expected 
to go, let’s say, 4,000 yards, 

n these cases the fuel might be a very small portion of the total 
system, and the payload might be a very large portion of the total 
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because it doesn’t have to go very fast. As you put a require- 
ment on it to go faster and faster, which essentially means farther and 
farther, then you try to optimize a system. In optimizing your mis- 
sile system you usually do this by a number of different things, includ- 
ing reducing the payload itself. 

As I pointed out here, in a single-stage or a multiple-stage rocket, 
usually if what the rocket is carrying weighs about one-fourth as 
much as the rocket does when it starts to burn, this is somewhere 
near optimum for maximum efficiency. So ordinarily you might say 
that the payload itself for optimum results should be right around 
90 percent of the gross weight of a single-stage rocket. 

Phe CuarrMan. Let met ask you gentlemen, all of you testified as 
to the liquid and the solid fuels. I would judge by listening to each 
of you that you feel that there is more future and greater possibilities 
in the use of the solid fuels, is that correct ? 

Dr. Rrrcnry. I think we are in danger to generalize any place in 
this area. There is a place for solids and a a for liquids. There 
are jobs today that one can do very markedly better than the other. 
This is true of each of the different systems, both the solids 
and liquids. 

The Cuarrman. You feel there is still room for a steam engine 
automobile and a gasoline internal combustion engine? What about 
the others? Do you disagree, or do you feel like the future is in the 
solid propellant ? 

Mr. Scares os for myself, Mr. Chairman, I would cer- 
tainly agree with Dr. Ritchey, that in the present state of the art there 
isno clear-cut superiority either way. It is going to take a lot of de- 
velopment time to explore a great many areas that lie before us, and 
it may well be, as Mr. Geckler has said, that you will have the same 
relationship that you have between matches, which are a solid means 
of providing flame, or a cigarette lighter, which relies on liquid fuel. 
Which is better? I don’t know. 

The CuHarrman. What about Dr. Longwell? How do you feel? 

Dr. Lonewetu. I think there is very little question that there will be 
a place for both of them. Solid propellants, I believe, will serve as 
awork horse. You will find them used all the way from Bazookas up 
to very large missiles like Polaris. There is very little question but 
what it will be used in such applications. 

When you get into space flight, it is a very moot point at the pres- 
ent time. It looks as though it will probably be a combination of the 
two. 

The Cuarrman. What about Mr. Geckler ? 

Mr. Gecxter. I think with regard to space flight, we don’t know 
enough yet to see into the future which will be used the most. With 
regard to military applications, there has been a strong trend in favor 
of solids because of the simplicity and servicing. I think this trend 
will continue and persist, and solids will be utilized a great deal and 
a great deal more in military applications. 

he Cuarrman. Our present problem, as I see it from all of you, is 
to increase the specific impulse of the material used and lighten the 
weight of the non-payload. Isnt’t that it? Those two things are the 
major problems. 

Mr. Grcxier. Yes, sir. 
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The Cuarrman. As we work on those two problems, we increase the 
efficiency of the rockets, the satellites or whatever we are producing, is 
that correct? Everybody agrees on that ! 

Is there any possibility in the development of rockets, especially 
large size, that we would change the contour or shape? When I say 
that, I am referring to the effects of making a drastic change in the 
fuel used. There is a possibility that—for instance you have a rocket 
in which you plan on sending up a man. I can remember when the 
first order was placed by the Army for three airplanes, I think they 
were over in Virginia, and they specified they should have the ability 
to fly 40 miles and at least 1,000 feet up, or something like that, and 
carry two men. 

Is there any possibility in the foreseeable future that we would 
change the type of fuel or construction of rockets so much from what 
we have at this time that they would look as different as modern air- 
planes do in comparison with the early ones of which I just spoke? 

Dr. Rrrcnry. Mr. Chairman, I think that question can only be an- 
swered by the results of several programs in the research stage at this 
time. We don’t know really for sure what is going to come out of 
these programs—they wouldn’t be research programs, of course if we 
knew ahead of time what we were going to do. When I say “we” I 
am talking about industry in general. 

We have to know what these new advanced fuels are going to look 
like, what their characteristics are before we really know how we are 
are going to go about using them in the best fashion. 

The Cuatrman. Can we, as a Government, spend money properly, 
justifiably, in working to obtain different types of material that 
might be used for fuel, material that might have a much higher 
efficiency rating? Would such a program as that be justified ? 

Mr. Gecxter. I would like to answer that. For myself, I think 
it is very justified. What the propellant chemists have done up to 
the present time is to use available raw materials that the chemical 
industry supplied to make propellants. They have substantially 
exhausted the potential in the available raw materials. To get 
increases in specific impulse beyond what we are able to do today, 
will take the development of new raw materials on programs such 
as Mr. Longwell is associated with. 

The Cyarrman. You think that that sort of program would be 
justified ? 

Mr. Geckter. Yes, sir. 

The Cuairman. In going about a program of that sort, what would 

ou recommend? That we simply use a regular setup of private 
industry plus what. we have in the way of Government facilities for 
R. and D. programs, looking for new materials? Or do you have 
anything else you would recommend ? 

Mr. Gecxuer. I think that. covers about everything that is bein 
done now. But as Mr. Longwell mentioned, the level, at least unti 
recently, has not been high enough to achieve any substantial results. 
I think this is being expanded, and utilizing the proper methods, 
both industry and the Government. 

The Cuamman. Does anybody else have any ideas along that line? 
Dr. Longwell ? 
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Dr. LONGWELL. You were questioning whether industry or Govern- 
ment would be the best place to do this research. I think if we 
wanted to do ponetings, quickly, and if you surveyed the scientists 
that were available to be transferred to this work without taking 
them off of other important defense work, you would find a great 
many more of them available in industry. 

This is because, as a nation, we have been very advanced in chemical 
research. The chemical companies have been very aggressive and 
have put a large fraction of their money into research and have built 
up a large and very highly skilled staff. 

So they have a big organization and many trained scientists. The 
Government laboratories also have them, but by and large they are 
already on the kind of problem you referred to. 

The CuarrmMan. So that does offer some advantage. That is what 
you mean 

Dr. Yes, sir. 

The Cuatrman. What do any of you wish to say in reference to 
the suggestion contained in the bill that has been introduced, to add 
to every contract for scientific development, 10 percent additional to 
be used solely for basic research ? 

Dr. Rrrcuey. May we stand up and cheer? 

Mr. Gecxier. I would be most emphatically in favor of it. 

The CuatrMan. Do you think it would accomplish results and that 
we would be justified in spending the taxpayers’ money that way ? 

Mr. Geckter. I think it would stimulate invention among private 
contractors in a way I couldn’t imagine could be stimulated any other 
way. 

The Cuarrman. Too, if you had a contract for the development of 

ropellants, wouldn’t it be natural if they gave you 10 percent more 
for asic research, that you could use, for instance, in developing new 
types of raw materials, whereas to make it efficiently on a negotiated 
or open bid with the Government for furnishing that propellant, you 
a have to cut your figures straighter to the line? 

Isn’t that right, and therefore it would not leave you the reserve 
for this basic research? Is that correct ? 

Dr. Rrrcury. I would like to make a statement, Mr. Chairman, in 
this regard. One of the difficult things in the research programs in 
the past has been the necessity for supervision—I will say Govern- 
ment supervision, since these are essentially Government plants— 
which usually takes the form of requiring you to make such a detailed 
work plan before you start the job, that you actually have to do your 
research project before you ever get the money and get the contract 
started. In other words, you write out the plan predicting what you 
are going to do, you go in the laboratory and try to do it, you finish 
up and write a report on it. This system does permit close super- 
vision, but it is very inhibiting in permitting the exploration of side 
issues that continue to come up and the exploration of good ideas 
that people may have as they work on the job. 

To companies like Mr. Geckler’s company, Aerojet-General Corp., 
and my company, the Thiokol Chemical Corp., and also to Hercules 
in their rocket business, this research is our lifeblood. If we don’t do 
a good job of it, we will be out of business sometime in the not-too- 
distant future. 
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For that reason I believe that you can depend upon this type of 
organization to spend the research money very effectively without 
very close supervision. 

The Cuatrman. In other words, if you don’t do any research, you 
are not going to progress, and you will eventually lose completely out; 
is that right ? 

Dr. Rrreney. That is right. If we don’t do research, and if we don’t 
do a good job with the money we do get for research, we will be out 
of business. So there is an automatic built-in control on this problem, 

The Cuatrman. I don’t want to take any time longer here in ques- 
tioning all of these witnesses because we have about 50 minutes left, 
I am now going to open it up to questions by the committee. Does 
anyone have a question ? 

Mr. Fuuton. I just have acomment. I will put in the record at this 

int a copy of the resolution I was working on for several weeks and 

ave come up with a combined basic and applied research and de- 
velopment program in NASA, the National Science Foundation, and 
the Department of Defense, in the fields of fuels and propellants, as 
well as the structure, engines, and weighting materials. Some of us 
have been interested in that field and I began to work on that. 

T likewise will pass to the other members of the committee on ques- 
tions this morning. 

(The resolution referred to is not available at this time because it 
is still under revision by Mr. Fulton.) 

The CuHarrman. Any further questions ? 

Mr. Van Petr. It is very academic, but T have heard so much 
about this countdown and have heard the countdown. I am wonder- 
ing what the reason is for it, when they are getting ready to fire a 
missile ? 

Dr. Lonewe tt. I think it is primarily a technique for coordinating 
the activities of a number of people, the ones that are participating 
in it. You will find that one person is supposed to do a certain thing 
when you reach five seconds, for example. He pushes a button or 
turns a switch. So they have this countdown going on over a PA 
system, and it coordinates the timing of all these various people that 
have to perform this intricate operation. 

Mr. hh ol Pett. Do they reverse the count when something has gone 
wrong 

Dr. Lonewetu. I have never had that happen. 

Mr. Van Petr. I think it happened with one failure I saw down 
at Cape Canaveral. They came back and then started over again. 
What do they use for ignition, either on the solid or liquid fuel ? 

Dr. Lonewett. In the solid fuels they ignite electrically with a 
hot wire a little charge of powder of some sort that spreads to a larger 
charge that is capable of igniting the whole surface. I am not familiar 
in detail with the liquid ones. 

_ Mr. Gecxirr. They utilize in many instances solid propellant 
igniters. 

Mr. Van Petr. That is all, Mr. Chairman. 

Dr. Rrrcnry. Something like this, almost [illustrating]. 

The Cuarrman. Mr. King. 

Mr. Kine. I would like to pursue this matter of timing, the time 
that it takes to discharge a rocket, launch it. I have this practical 
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problem in mind. We are trying to maintain the balance of power, 
or superiority of power, over Russia. We have declared that we will 
never launch ICBM’s as aggressors. We will not be the first to launch. 
We will use them only when they launch first. 

Our problem is purely one of timing. They would know where our 
installations are. They could launch ICBM’s with the idea of knock- 
ing our installations out of action completely. Therefore it follows 
that we would have to get our ICBM’s in the air between the time 
that we are apprised that their ICBM’s are on their way to us, and 
the time they get here, because if we wait until they get here we are 
too late. They are destroyed. 

So we have what—just minutes to work in, don’t we? What about 
our problem of timing here? The liquid propellants, as I understand 
it, take quite a bit of time, don’t they? You don’t have these ICBM’s 
all stored and ready to go because the liquids are dangerous. They 
are cold. They have to be stored in special tanks. Is that not correct? 

Mr. Gecxirr. The presently used liquid propellants. 

Mr. Kina. So you are talking henbilned and hours, rather than 
minutes. So as things are now, we are not in the running. Isn’t that 
right? Our installations would be completely destroyed before we 
could get the liquids into the tanks and our missiles fired. 

Am I right on that? So our problem is really one of reducing 
hours down to minutes, or else we are not in the running. Is that 
where the solid propellant comes in and performs its great role—the 
fact that your countdown time can be reduced from hours to minutes? 
Am I correct on that? Could one of you explore that for a minute? 

[Ed.: R. & D. launchings take hours; operational launchings are ex- 
pected to take 15 minaiaed: 

Dr. Rrrcnry. I believe this reasoning you have gone through here 
is exactly parallel to the reasoning we went through in justifying the 
fundamental need for the Minuteman ICBM program. 

Mr. Kine. Which of course is still on the drawing boards, isn’t it? 
It is being pursued. 

Dr. Rircnery. I think that any discussion of schedules is classified. 

Dr. Lonewet. I think in the case of the liquid rockets, though, it is 
possible to substitute propellants that can be stored, say gasoline, and 
you might say nitric acid or some other oxidizer. It would have some- 
what less performance than the present ones, and it is also possible to 
improve these by having a material that can be stored in the tanks 
just like you would in your automobile, it is then possible, in principle 
anyway, to start them quite quickly. 

think they will always be a little slower than the start you can get 
on a solid propellant, but from a technical viewpoint it seems possible 
to develop liquids so that they can start quickly. The present ICBM’s, 
though, are not that type. They have to be loaded with liquid oxygen. 
This is a matter of development, to get what they call a storable liquid 
propellant system. 
F Mr. os Titans and Atlases still take hours to get off the ground, 

on't they 

Mr. Gecuter. Not all of the time consumed in the countdown is 
attributable to the propulsion system. There are complicated guid- 
ance “erm that require adjustment, and so forth. So it is not all the 
propulsion system. 
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The Cuarrman. Mr. Fulton? 

Mr. Futron. Could I ask the gentleman from Hercules Powder (o, 
what has been done on the research and development for explosive 
charges for separating the various stages of vehicles? 

Mr. Martin. I would say this, Mr. Fulton. The separation prob- 
lems have not been a serious part of the whole technology. We, along 
with a great many other manufacturers, make igniters and actuators 
as they are called, as a class, various types, which involves putting 
relatively small amounts of fairly conventional explosives in the 
device to be actuated and providing a means for detonating them when 
required. 

It is the same type of unit that is used in ejecting pilots from jet 
planes and jettisoning spare gasoline tanks and in jet engine starters 
for aircraft—small packages of power. They don’t represent any 
large problem at all. 

Mr. Fuuron. I was at Cape Canaveral when there was a failure of 
separation of two stages. Obviously when there is that failure of 
separation there is a tremendous loss in research and development, as 
well as in time. So my comment is, what can you put in the record 
later, any of you, as to what research is being done in that particular 
field because I have heard none in the presentations so far. 

Dr. Rrrenry. May 1 make a comment in this regard? In this 
session you are talking primarily to rocket engine people rather than 
to missile systems people. I believe the method by which a missile is 
put together, what makes it fly, how it separates, how it is guided, 
what kind of a package it carries, all these things belong to the 
missile systems question and not particularly to the propulsion ques- 
tion. In other words, we make the engines, someone else puts them 
on the airplane, if you want a simple analogy. 

Mr. Furron. Isn’t Mr. Martin of Hercules Powder Co. the one to 
ask about explosive charges on a separation stage? 

Mr. Martin. I think your question is a proper one as far as the 
device itself is concerned. I think Dr. Ritchey has a point in the 
final assembly. In other words, no matter how good an individual 
component is, if it isn’t assembled properly, it is like a light bulb— 
if it isn’t screwed in the socket, it just never burns when you flip the 
switch. 

Mr. Futon. Could your company put in the record later at this 
point without taking the time now, a comment of some sort of as- 
sembly on the research and development in this field of the explosive 
charges used in the various separations of missile stages? 

(The information requested from Mr. Martin is as follows:) 

So far is I know, there has not been a great deal of specialized research and 
development on new types of explosive charges used for the separation of 
missile stages, Certainly Hercules has not engaged in any such research work, 
and so far as I know, only conventional types of explosives in specially adapted 
devices have been used. 

The Cuarrman. Mr. Daddario. 

Mr. Dappario. Dr. Ritchey, in answer to some of the questions by 
the chairman you seem to indicate that the present system is too con- 
fining insofar as Government activity in your field is concerned. 

Dr. Rrrcury. So far as research activity is concerned. 

Mr. Dappario. Then you go from there to something I don’t quite 
understand. You say because the lifeblood of your industry is re- 
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search and development, there is therefore an automatic, built-in 
control. How could you relate that from one company to another? 
Why should your company have the same type of built-in control in 
it as the companies of these other gentlemen, each one of them having 
different management approach? Couldn’t you open the door in this 
manner to a great deal of waste which would be comparable to that 
which might exist now through this supervision ? 

You just can’t go from control to no control, can you? 

Dr. Rrrcnry. The built-in control I was discussing is simply this: 
In Hercules’ rocket. operations, Aerojet-General, which is primarily 
in the rocket business, and Thiokol Chemical Corp. is primarily in 
the rocket business, if we do not doa good job of research, we won't 
be in the rocket business very long, so we won’t have any more funds 
to spend. This is where the built-in control comes from that I was 
discussing. 

In other words, the motivation to do a good job within our own 
management is very intense. There is no outside motivation that can 
be any more intense than the motivation to spend research money 
effectively. 

Mr. Dapparro. I understand that. And yet it doesn’t have any 
limits. There has got to be, does there not, some kind of a limitation 
toit. You just can’t say that each company, because it is its lifeblood, 
ought to be able to have as much money as it may need to spend in an 
way that it possibly may desire in order to accomplish a certain end. 
You may be the kind of a fellow who runs his company and make a 
few men do it, and somebody else may run it to accomplish the same 
end, because the Government was paying the funds, and be all over 
the lot and hire hundreds of people to do the job to get this experiment 
inasuccessful solution. 

Dr. Rrrcnery. I never had any intention of suggesting that there be 
no limitation on the amounts. My remarks were primarily directed 
along the line, how do you control how it is spent—what money you 
do get—how it is spent within the organization. Obviously it would 
not be proper for the Government to give the companies in this field 
a blank check to do research. I am not suggesting this at all. 

However, I do think the volume of research could be increased 
tremendously over what it has been in the past with the effect hardly 
being felt in the total overall budget. 

Mr. Dappario. The thing that bothers me is the same thing that 
bothered me yesterday when you thought that duplication was in 
fact competition, and that you subscribed the normal functions of the 
process of the economy as it works to this kind of an operation, where 
things will balance off each other. 

I think you get into that same type of a fallacy in this business of 
built-in controls. I think that when you make a suggestion that 
there ought to be some kind of limitations to it to fit into this par- 
ticular picture, I think it ought to have some kind of incentive. It 
ought to have some kind of a reward as a result of something you may 
do within a certain budget. 

We touched yesterday on such things as proprietary rights. Per- 


haps if you do something in a certain manner within a certain budget, 


then you could perhaps control this rather than have it spread 
throughout the overall industry. 
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This seems to me to be the kind of limitation that you have to add 
to this kind of a program since you don’t have normal competition 
working its way in this research and development field. Don’t you 
think there has to be something of that type added to it? 

The Cuarman. Following that line of questioning, of course, the 
basic research has to be done if we want to get ahead. That is cor- 
rect, isn’t it? It seems to me, the question is: Who would be the 
better one to do the basic research? Would it be a man or a com- 
pany which has a contract to produce fuel, and is it to his interest 
to develop a more efficient fuel? Would his concern be better to 
do the basic research than someone who perhaps is not in that. 
business ? 

That would be one thing. What do you think of that? 

Dr. Rircury. The economic motivation, in other words, the de 
sire to do a good job in order to stay in business is a very strong 
one, whether you are talking about research in a field that ends 
up with a Government product, or research in a field that ends up 
with a commercial product. 

There is always this strong motivation within the people who are 
manufacturing an item and selling it, to do a very good job in 
the research end of their operations. 

The Cuarrman. Do you mean by that, to produce a better prod- 
uct? Of course they are going to be recognized for having done 
a better job. If the research, then, is available in the way of some 
funds, limited funds, under proper supervision, of course, and they 
reach satisfactory results, it will inure to the benefit of the Govern- 
ment which is the one that uses most of this product. That is 
right, isn’t it? 

r. Rrrcney. Yes. 

The CHamman. Have you any point to argue? What is your 
thought along that line—research? Have you any further sugges- 
tion or ideas along that line? 

Dr. Rrrcney. As far as the general administrative side of it is 
concerned, this principle that you mentioned a while ago, of allo- 
cating a certain percent of total business volume to research, I think 
this 1s a very, very sound approach to the matter, and it is exactly 
the way the matter is done in industrial organizations. Usually some 
sort of management decision is made as to the percent of the sales 
dollar that is put back into the research operation. I would be very, 
very happy indeed to see the same principle applied to Government 
development and manufacturing business. 

The Cuairman. Of course I think that is one of the mistakes we 
have made in this country. We have not pushed basic research. The 
Germans took basic research. We made discoveries, probably, new 
inventions. The Germans went ahead with basic research and de- 
veloped the V-1 and V-2 rockets, they developed the jet plane and 
those things. They did it because of their basic research program. 

Isn’t that right ? 

Dr. Rrrenery. That is correct. The same thing is true in this coun- 
try. The development of nuclear energy came from very fundamen- 
tal experiments that were done, and done at the time, only because 
of laboratory curiosity. In fact, you can point to almost any major 
development and trace it back to the point where someone merely 
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asked himself what appeared to be a useless question at the time, 
and went into the laboratory and found an answer for it. 

I believe that Mr. Kimball mentioned yesterday the discovery of 
electricity. This was originally done by poking a dead frog with 
a charged wire and watching the muscles twitch, something that no 

wn man, you would think, would waste time with, and yet it 
eventually ended up in the tremendous electrical industry. : 

The CuHarrMan. Does anybody else have any ideas along that line? 

Dr. Longwell ? 

Dr. Lonewett. You asked a question on the best place to do cer- 
tain kinds of research. If we might just take chemical research 
as an example. My feeling is the best people to do it are the ones 
whose primary interest is in that field. If you ask an engine man- 
ufacturer to do chemical research, I would think this would be a sec- 
ondary interest to them, compared, say, to one of the chemical com- 
panies, Hercules, or Du Pont or somebody. You will find that the 
chemical companies are staffed, and their whole objective is aimed 
toward that. So they will generally have better people lined up and 
available for it. 

I think in research ultimately the results come down to the qual- 
ity of the people that can be put on the work. So I think gen- 
erally if you have companies or governmental laboratories that are 
organized, and their thoughts are aimed toward a certain direction, 
the work in that line would best go with them, rather than to tr 
to get somebody who is interested in machinery, for example, to thi 
about something else. Of course this applies to other fields. 

The Cuarrman. Do you know how the Germans handled their basic 
research program ? 

Dr. Loneweiu. I know some specific cases. Here again my own 
field is in chemical research, so I will use that as an example. I. G. 
Farben was a company that made a great many contributions in chem- 
ical research. Their technique in many cases was to hire one or more 
extremely good chemists, give them half a dozen assistants, and give 
them 5 years and let them work. These people were familiar with 
what was wanted by the company and were allowed to devote them- 
selves to their field of interest. 

One can point to several very outstanding developments. Perhaps 
I needn’t go into specific individuals because I doubt that they would 
be familiar, but this turned out by getting very good people and 
Wang them work, trying to discover new things, they got very good 
results. 

The Carman. They developed the color industry, didn’t they, 

the dye industry? - 
_ Dr. Loneweut. Yes. This would be an example of how they did 
it. They were also leaders in finding catalysts for converting one 
chemical to another, and they made a great many discoveries in 
synthetic rubbers. 

“ai Cuatrman. That system worked with them very well, didn’t 
it | 

Dr. Lonewetu. Yes. 
_ The Crairman. It was done not by the government, but by private 
industry. | 


d 
a 
| | 
| 
| 


122 SPACE PROPULSION 


Dr. Lonewett. That was a case of private industry doing it. The 
universities were also always very strong — technical high schools 
as they call them there. The people there got quite a bit of financial] 
support. The professors there were the ones that rode around jn 
limousines, the top ones. This was a career to really strive for, and 
they developed very effective teams, some professors had a large num- 
ber of assistants, and there again they were able to concentrate on 
developing the most out of their field. 

The Cuatrman. Did they get the professors from the universities 
a re they pick them up from industry, or how did they acquire 
them ¢ 

Dr. Lonewew. I think a typical career would be that a young 
student who was found to be extremely outstanding would be offered 
a position to stay on as an assistant or some other staff position in the 
university. If he were successful, he would make this a career. This 
was a very attractive career and they were able to pick the cream of 
the graduating classes that way. 

The Mr. Anfuso. 

Mr. Anrvuso. Following up Mr. King’s very astute observation: 
Is consideration being given to protecting our installations from 
ICBM attack? I am not referring to the Nike-Zeus. Are any other 
systems being studied to protect these very expensive installations? 

Dr. Lonewetu. I was reading an article in Aviation Week about 
their plans on handling the Minuteman ICBM. You may have read 
the same thing, where the plan that was published was in effect to 
have a cylindrical hole going way down into the ground and the 
rocket would sit down in this hole. There would be a very thick con- 
crete slab that was on the top that would be rolled back when they 
wanted to fire. 

These would be widely spaced in remote areas of the world. 

Mr. Anrvso. In other words, building tunnels. Is that something 
like that? 

Dr. Lonewetu. Yes. They would be largely vertical, I believe. 

Mr. Anrvuso. Would the covering on top be sufficient, you think, 
to protect the installation ? 

Dr. Lonewet.. I can’t give any real expert background on this. 
From, what I read, they feel that there is no protection against a direct 
hit from a hydrogen bomb, but they would require a great deal more 
accuracy on the part of the enemy because a hit off to one side would 
probably not destroy the thing. 

Mr. Anruso. I don’t foresee a direct hit because that is almost an 
impossibility. But say a hit within a mile. Would you think striking 
within a mile area would destroy that installation ? 

Dr. Lonewetu. Just to make a guess, I would guess it would be 
possible to protect against a miss of one mile. 

Mr. Anrvuso. Do you think, Doctor, that that is something that 
we certainly ought to look into very quickly ? 

Dr. Tonewetv. I think that it is being very carefully considered by 
the military people, but I also believe it would be a very interesting 
subject for you people to familiarize yourselves with. 

The CuarrMan. Will the gentleman yield ? 

Mr. Anrvso. Yes. 
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The CuatrMan. Is the Doctor referring to nuclear explosions ? 

Dr. Lonawe.u. Yes. 

The CHarrMAN. You think a miss of a mile would be protected 
under that arrangement ? 

Dr. LonewEu. This is a guess on my part. I think it would be 


possible. 


The CHarRMAN. You are an expert in explosives. All of you are. 
That is the reason we want your opinions here. We seldom have an 
array of experts in explosives like we have this morning. 

Mr. Anrvuso. I think we all realize the importance of that because 
if we are not going to strike first, as Mr. King says, our installations 
are going to be destroyed, and then we have no power of retaliation. 
So it occurred to me that immediately we ought to devise some method 
of protecting these devices, these installations. 

Would you agree, Doctor ? 

Dr. Lonewetu. Yes, I agree. I might just add one other technique 
that is being considered, that is, having mobile bases so they never 
know for sure where they are. This is very good protection. The 
Polaris is proposed for that. It is ina submarine. The submarines 
cruise around so they would never be able to wipe them out in one 
instant. 

Mr. Anruso. If you received a 15-minute warning, for example, how 
fast do you think you could travel and move that installation in 15 
minutes ¢ 

Dr. Lonewetw. I don’t think you could move it very much in 15 
minutes. You would just have to assume that the Russians didn’t 
know where they all were at any one time. 

Mr. Anrvso. I don’t think we can assume that. I think we can 
assume that they pretty much know where—they certainly know where 
Cape Canaveral is. They certainly know where our base is in Cali- 
fornia and Texas. 

Dr. Lonewet. It is much harder with a movable one, of course, 
particularly with a submarine that can’t be seen. 

Mr. Anruso. I am no scientist, but I was wondering whether maybe 
an electrical device could be invented that would divert the missile, 
some kind of an electrical current would arise to divert the missile, 
that is, the striking missile. Is there any possibility along those lines ? 

Dr. Loneweu. I don’t know of any. 

Mr. Anruso. Is it within the realm of possibility ? 

Dr. Loneweu. One never wants to say anything is impossible, but 
nothing oceurs to me that would approach this sort of a system. 

Mr. Anruso. I will yield. 

Mr. Tracur. I heard a remark last night that we need freedom of 
the press in this country, but sometimes we need freedom from the 
press. I think that is probably true as to the location of our missile 
sites and that kind of thing, 

Mr. Anruso. If not some electrical device, perhaps—in other words, 
Tam thinking of something that when you see a missile coming over 
the atmosphere in a particular locality, it would divert that missile 
away from that installation. Is that within the ingenuity of man 
to devise ? 

Dr. Lonewetx. It sounds very difficult to me. I wouldn’t say we 
couldn’t do it a hundred years from now. 
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Mr. Anruso. So far, your best method would be then this under. 
ground covering. 

The Cuarrman. Any further questions? 

Mr. Ducander, you have an announcement ? 

Mr. Ducanper. Yes, sir, you wanted to call to the attention of the 
members the World Congress of Flight which will be held in Las 
Vegas from April 12 to April 19. If the members would like to go, 
there is an interesting discussion on the 16th, Missile Management; 
on the 17th, the Space Age Conference, and we can arrange trans- 
portation to leave on Wednesday, April 15 at 9 o’clock in the mornin 
arriving at Las Vegas at 4 p.m., and to depart Las Vegas at 9 o’cloc 
in the morning on Sunday, April 19. 

The Cuatrman. I would suggest you wait—it is so far off—~— 

Mr. Ducanper. Mr. Chairman, the Air Force is most anxious to 
find out how many members want to go so they can make hotel 
reservations. 

Mr. Anrvuso. There will be the Easter recess, Mr. Chairman. 

The Cuarrman. That is true. They told me yesterday they would 
have flights going from time to time. I think the first would go on 
Sunday, I believe they said. Then there would be a flight Wednes- 
day coming back. 

Mr. Ducanpver. As a matter of fact, they will arrange the flight 
for the committee’s convenience. 

The Cuatrman. I hope all the members will bear that in mind. 
Those that can arrange to go, I think it is in line with the work of 
this committee. They should bear it in mind. 

I want to announce the program, too, at this time, for tomorrow. 
We have Mr. Thomas F. Dixon, chief engineer of Rocketdyne, North 
American Aviation, Inc., accompanied by Dr. Stanley V. Gunn. We 
have also as a witness Dr. Arthur Biehl, vice president and technical 
director of the Aerojet-General Nucleonics Division. We have Mr, 
William J. Reinhardt, head, technical planning section of Reaction 
Motors of Thiokol Chemical Co., with Mr. John J. Newgard, project 
engineer, nuclear propulsion. That is our program for tomorrow. 

would like to ask a few more questions now. Dr. Longwell, in 
your statement you said this, and I think it is a very, very pertinent 
statement to make: 

Ultimately the choice of propulsion systems for space flight and for military 
missiles will be determined, not by the comparisons and opinions that we 
have today, but on the performance of these devices when full advantage is 
tom of the materials and techniques that the laws of nature make available 
us. 

In other words, you are coming back to that same proposition which 
is basic research. As you open up your basic research, that gives you 
greater opportunities and you adapt your plans accordingly: That 
1s substantially what you have in mind. 

Dr. Loneweix. Yes. There was one other angle I had in mind 
there, and that was the competitive angle between us and the Rus- 
sians. J think as time goes on we will find the facts; we will find 
out what materials and techniques are best. To have an advantage, 
we want to find them first. 

The Cramman. What are the Russians doing in the way of 
developing propellants? Can you give us any information on that! 
Can anybody here tell us that? Do we have access to any knowledge 
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that they have in the development of their propellants? Our indus- 
try doesn’t have anything on that? 
r. Lonewei. No. 

The CuHarrMan. So we are developing our own propellants without 
any reference to the Russian developments. Do they use liquid or 
solid propellants ? 

Dr. Lonewetu. The publications I have seen, I believe, indicate a 
liquid propellant in their large engines that they have been using to 
launch space vehicles. 

The CuarrMaNn. So they are still using liquid propellants. I have 
no further questions. Anybody else? 

Mr. Kine. One more question. 

The Cuarrman. Mr, King. 

Mr. Kine. After your mba propellant has been completely con- 
sumed, is there a residuum left over of consequence 

Mr. Martin. No, not that I am aware of; not an appreciable 
residue. ‘ 

Mr. Kine. I was going to suggest if there was, then, that would 
also constitute a factor that would diminish the efficiency of the 
machine. 

Mr. Marrin. Not if your design, as Dr. Ritchey has mentioned, is 
efficient, and the configuration properly worked out. 

Mr. Kine. So you are left with an empty shell. 

The Cuairman. I think I asked whether or not anybody had any 
information in reference to nuclear propellants that they would like 
to give us this morning. Is there any expert on nuclear propellants 
here 

If there are no further questions, then—— 

Mr. Moetier. Mr. Chairman, may I ask one? 

The CuarrMan. Surely. 

Mr. Moetter. I wanted to ask Dr. Ritchey yesterday: What is the 
Government’s investment in Thiokol ? 

Dr. Rrrcney. I thought somebody was going to ask me that. 

Mr. Moetter. I am glad you came prepared. 

Dr. Rircury. About $60 million. This is not in Thiokol, I want 
you to understand. This principally is in two plants that are Gov- 
ernment owned and operated by my corporation. This is the best 
estimate I can make. Actually these plants were originally designed 
and built for a completely different purpose during World War II and 
were modified for the job that we are doing with them. This figure 
is probably too high, based on present replacement value, but is some- 
where near reasonable, let’s say, for what they originally cost, plus 
the modifications that went into them. 

The CuarrMan. You are merely operating the plants, aren’t you? 

Dr. Rrrcury. These two plants; yes, sir. The two plants we are 
petting are the one at Huntsville, Ala., and the one at Marshall, 

ex. The other two plants we own ourselves, principally—three 
ely, the Reaction Motors piant, the Elkton plant, and the Utah 
plant. 

The Cuarrman. When you move out of those plants, do they belong 
tothe Government or to you? 

Dr. Rircury. The ones we are operating? 

41260—59——9 
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The Cuarrman. Yes. 

Dr. Rrreuey. They belong to the Government. 

The CuarrMan. So actually the Government investment is in the 
plant, and you are operating them ¢ ' 

Dr. Rrreney. Right. In our other plants there is some Govern- 
ment investment there, but it is principally in severable equipment 
which the Government can pull out at any time. 

Mr. Moetter. But they claim title to it ? 

Dr. Rrrcnry. That they keep the title too; yes, sir, and they may 
claim it at any time. ; 

Mr. Moetter. Isn’t the same true with Esso ? 

Dr. LoneweLu. Yes, sir. The Government in our contract has 
bought certain instruments and special equipment which is portable, 

The Cuatrman. I wanted to ask, too, about Hercules. Does Her- 
cules have the same arrangement with the Government? 

Mr. Martin. Yes, sir. under our contract at our Utah plant, certain 
of the instrumentation and equipment used in the manufacture of a 
specific missile will be owned by the government. 

The basic plant itself, the buildings, some of the basic production 
equipment, and the vast majority investment, will be Hercules’ own 
money. 

The Cuatrman. Then when you move out of the plant, or when you 
give up the equipment it belongs to the Government? 

Mr. Martin. We would never move out of this plant, Mr. Chairman. 
It is tied in with a commercial explosives facility of our own and was 
merely an addition. So it is planned as a permanent plant unless the 
whole program folds up. Of course we would have to find something 
else to do with it. But the equipment itself belongs to the particular 
service for whom we are working at the time. 

The CuarrmMan. It could remove it ? 

Mr. Martin. Yes. 

The Cuatrman. What about Aerojet-General Corp. ? 

Mr. Gecxkuer. It is similar to what has been defined. Approxi- 
mately 60 percent of the facilities, as I recall, are owned by the Gov- 
ernment. About 40 percent are owned by Aerojet. This is in the total 
Aerojet-General Corp. 

The Cuatrman. Is the Government materiel subject to being re- 
moved there—Government equipment ¢ 

Mr. Gecxter. It is subject to being removed. In certain instances 
it is on land that has been deeded to the Government or they have an 
option for it. 

The Cuatrman. Do you have a contract to operate that equipment? 

Mr. Geckter. Yes, sir. 

The Cuarmman. We want to thank all of you gentlemen for coming 
here this morning. I think you all had excellent statements. The 
committee appreciates it very much. 

If there is no further business, the committee will recess until 
tomorrow morning at 10 o’clock. 

(The following letter to the chairman is inserted in the record :) 
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ASSOCIATION OF AMERICAN RAILROADS, 
OPERATIONS AND MAINTENANCE DEPARTMENT, 
Washington, D.C., March 20, 1959. 
Hon. OvERTON Brooks, 
Chairman, Committee on Science and Astronautics, 
House of Representatives, Washington, D.C. 


DeAR CONGRESSMAN Brooks: This statement is presented on behalf of the 
Association of American Railroads and is offered to clarify and rebut some 
parts of the statement made by Dr. H. W. Ritchey, vice president and tech- 
nical director, rockets divisions, Thiokol Chemical Corp., before the Commit-~ 
tee on Science and Astronautics on March 17, 1959. 

The Association of American Railroads includes in its membership practi- 
cally all class I railroads in the United States and Canada and represents 
85 percent of the combined railroad mileage of the two countries. 

The Association of American Railroads did not appear before your coni- 
mittee at the time of hearing and we respectfully request that this letter be 
included in the record. 

Dr. Ritchey stated: 

“Current physical size limitations of large solid propellant rocket motors 
are generally agreed to be approximately 80,000 pounds total weight and 12 
feet in diameter. The 80,000-pound weight limitation is established by the 
load-carrying capacities of highway and railway bridges. 

“The 12-feet diameter limitation is established by the clearance of under- 
passes and obstructions along right-of-ways. This size limitation can be 
overcome easily by use of special means of transportation, such as airships. 
This method of transportation would be applicable, of course, for peacetime 
applications within the continental limits of the United States. The limit to 
the size which would be lifted in this manner would be established primarily 
by the size and number of available airships. 

“Since transportation facilities are the only size limitation on large solid 
propellant rocket motors, this can also be overcome by on-site motor manu- 
facture. In this instance the motor case or chamber could be fabricated in 
sections and transported to the manufacturing site for assembly. 

“Propellant would be loaded into the motor by a mobile casting method 
which has been studied in great detail by the Thiokol organization and is 
believed to be not only feasible but very desirable. 

“By this method the size of solid propellant rocket motors is unlimited. Such 
motors would be launched from the manufacturing area because of trans- 
portation limitations. Extremely large motors of this type, even significantly 
larger than the 300,000-pound example discussed previously, would be ready 
for launch at the exact instant that the sun, moon and the planets are in their 
most advantageous relative positions.” 

As an indication of the carrying capacity of railroad freight cars attached 
is copy of the latest edition of the Official Railway Equipment Register, Vol- 
ume LXXIV, No. 3, of January 1959. Over the past several years the tendency 
has been to increase the capacity of railroad freight carrying cars. The rail- 
roads were interested as it gave them increased capacity with fewer units. 
The shippers were insistent on this development because of material-handling 
costs and demurrage in cases where cars were delayed. Today it is practi- 
cally standard to build cars of 140,000-pound capacity. As reference I would 
point out the New York Central cars on page 118, Pittsburgh and Lake Erie 
on page 138, Erie on page 174 and others. Particular reference is made to 
Pennsylvania Railroad cars shown under “Class F-Flat Car Type” on page 94. 
This listing includes cars of 500,000-pound capacity which are offered in 
interchange. 

This Association recently conducted a clearance study on several railroads 
to develop the possibility of moving missile shipments 17 feet 10 inches high 
and 13 feet 6 inches wide. We were pleasantly surprised that very little 
work would be required to accommodate such shipments. 

From the above it is clearly indicated that weight and size restrictions re- 
ferred to by Dr. Ritchey, so far as railroads are involved, are in error and 
should be clarified. 

Respectfully yours, 
R. G. May, Vice President. 


(Whereupon, at 11:47, the committee recessed, to reconvene at 
10 a.m., Wednesday, March 18, 1959.) 
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House oF REPRESENTATIVES, 
CoMMITTEE ON SCIENCE AND ASTRONAUTICS, 
Washington, D.C., Wednesday, March 18, 1959. 

The committee met at 10:05 a.m., in room B-214, New House Office 
Building, Hon. Overton Brooks, chairman, presiding. ; 

The CuarrMan. The meeting will come to order. 

This morning we have several witnesses. We have them in groups. 
We have Mr. Laurence L. Waite, senior vice president for engineering 
and planning, North American Aviation, Inc.; Mr. Thomas F. Dixon, 
chief engineer, Rocketdyne, North American Aviation, Inc.; and Dr. 
Stanley V. Gunn, manager, nuclear propulsion projects, Rocketdyne, 
North American Aviation, Inc., in one group. 

Then in the second group we have Dr. Arthur Biehl, vice president 
and technical director of the Aerojet-General Nucleonics Division in 
California. 

In the third group we have Mr. William J. Reinhardt, head of the 
technical planning section, Reaction Motors Division of Thiokol 
Chemical Co., and John J. Newgard, project engineer of nuclear pro- 
pulsion, Reaction Motors Division, Thiokol Chemical Co. 

My thought is, we can proceed with the first group first—Mr. Waite 
Mr Dixon and Dr. Gunn. We have you all at the head table, do wef 

Mr. Waite, I think you have a statement, don’t you ¢ 

Mr. Warrr. Mr. Chairman, I think to save time we would like to 
have the chief engineer of Rocketdyne, Mr. Dixon, read his prepared 
statement. 

The Cuarrman. Mr. Dixon. 

Mr. Dixon. Mr. Chairman, I have a prepared statement and I 
would like to summarize this from charts, if it is permissible. 

The Cuatrman. All right, sir, we will be happy to have it. 


STATEMENT OF THOMAS F. DIXON, CHIEF ENGINEER, ROCKETDYNE, 
NORTH AMERICAN AVIATION, INC. 


Mr. Drxon. In the last several days you have heard that chemical 
energy obtained from liquid rockets can give you ene in 
the order of 450 seconds impulse. That is pounds thrust per pound 
of propellant per second. 

e would like to discuss this morning another energy level for pro- 
pulsion. Since the concept of fission reaction, the use of this fission 
process has been considered by engineers for propulsion. The concept 
is quite straightforward that we would like to discuss, such as the 
energy released from a reactor, fission reaction of uranium 235, and 
then the transfer of this heat to a fluid from cold temperatures to a hot 
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gas. Then from the hot gas we expand from subsonic flow to a super- 
sonic velocity. This results in a thrust. 

The nuclear rocket concept that we will discuss is very similar to the 
chemical. Here is a schematic of such a device. (See p. 133). It igs 
very similar to the chemical in that it has all of the major components 
except the combustion process that takes forth in the chamber is re- 
placed by a reactor, a heat source. Essentially it has the propellent 
tanks to contain the propellant. It has a pump and a turbine to force 
the propellant into the reactor, and in this reactor, of course, the heat 
is released to the fluid and then expanded at supersonic velocity. 

The main advantage of such a system is that from the reactor we 
can obtain very high temperatures. 

Mr. Miter. What type of fluid do you use ? 

Mr. Drxon. The type of fluid that is most adaptable for this system 
and to give high performance is a low molecular weight liquid such as 
liquid hydrogen. By the combination of the highest temperature and 
liquid hydrogen we can result in a very high performance. 

As you can see here, we have the pumping system, we can also ex- 
haust the turbine gases which we use for control. In this case certain 
elements in the reactor can permit low temperature gas that can return 
back to the turbine. In this case of a concept, the whole system is in 
bootstrap with respect to this operation. 

Here is a picture of a typical nuclear rocket in space. (See p. 135.) 
Tt essentially looks very similar to the chemical rocket. These are the 
tanks above here. In this case this is the power plant package. You 
can see where the reactor is located. In this case the turbopump that 
forces the propellants through the reactor is assembled close to the 
throat of the chamber, and also this is the nozzle for exhaust of the gas. 

The Cuaimrman. You are changing the design just a little, aren’t 
you? Ithas flattened out a bit. 

Mr. Dixon. Yes, in this case, it is more compact than before. 

» Mr. Miuter. If the gases give you the thrust, are they contaminated? 
Do they just pass through the reactor and pick up the heat ? 

Mr. Drxon. I will discuss that. I believe I can answer that question 
later. 

Mr. Miter. All right. 

Mr. Moetier. Could you give us the weight relationship? Is the 
weight also cut down ? 

Mr. Drxon. The weight relation of this power plant package in 
most designs has a thrust-to-weight ratio of approximately 30. The 
liquid chemical engine has a thrust-to-weight ratio of about 100. So 
the nuclear rocket is somewhat heavier, but due to the fact of the high 
performance we obtain from this system, which is a result of the high 
temperature of the gases and the low molecular weight, we have about 
300 percent improvement in performance over the chemical rocket. 

This can result in design of certain missiles for space approximately 
up to 90 percent decrease in thrust or a decrease in the weight of the 
missile, depending upon the specific application. (See p. 136.) 

Let us discuss some of the applications that show the advantages—— 

The Cuarrman. Let me ask you first about the 800 percent. Ex- 
plain what you mean by that. Is that much greater thrust, that 300 
percent more thrust ? 
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Mr. Dixon. I can explain it this way: The chemical rocket has a 
ific impulse of around 400 seconds. That is four hundred pounds 
of thrust per pound of propellant going through the rocket system 
r second. The nuclear rocket has approximately 1,200 seconds at 
its upper temperature level which is about three times the performance. 

The CuarrMan. Is the nuclear mass burned out at that point ? 

Mr. Drxon. No. In this case the nuclear rocket’s reactor trans- 
fers heat to the fluid and brings the temperature of the gas up to 
400° to 500° Fahrenheit. 

The Cuarrman. And the heat is exhausted at 1,200 seconds? 

Mr. Dixon. That is right. Then the heat flows through the nozzle 
and is exhausted at supersonic flow. 

With this example of the advantages of the nuclear rocket, we 
have a mission. ‘This mission is a very ambitious mission to take 
around approximately 50 tons from the earth’s surface to the Mars 
orbit and then return to the earth orbit. This is a large payload 
for an interplanetary mission. 

To accomplish such a mission with the chemical rocket, using higher 
energy propellants that we know today, it will take aporemappntely 
30 tons weight of a six-stage chemical rocket to accomplish the mission. 
This would require approximately 40 million pounds thrust to take 
off such a missile. 

It is a very large device. 

The CuarrmMan. Yousay 40 million pounds? 

Mr. Dixon. Forty million pounds of thrust. If you should accom- 
plish this with the nuclear rocket, the studies show that you can 
do so with a two-stage nuclear rocket, and the total weight of the 
device is around 3 million pounds. That would mean of the takeoff 
thrust, approximately 4 million pounds thrust. This would also 
require a two-stage device. 

As you can see, for a very ambitious mission, there is almost a ten- 
fold advantage for the nuclear rocket over the chemical, in terms 
of size and weight and thrust of the device. 

Let us look at another possible mission. This one here is a very 
similar mission in terms of a Mars orbit and return. In this case we 
would use a chemical rocket for the booster and the intermediate 
stages. For the final stage we would use a nuclear rocket, which 
would contain, of course, the payload. 

In this case our comparison has shown if we use the nuclear rocket 
in the final upper stage, it would have a threefold advantage in the 
allowable payload over the chemical rocket. That -means that in 
this mission comparison it provides about three times the payload that 
you can accomplish with the chemical rocket. 

Let us now discuss some of the problems of the development of a 
nuclear rocket. The reactor is the major important factor of energy 
release of such a device. The temperatures, the liquid comes in cold 
and it must leave at a very high gas temperature in a gas state. The 
materials that are involved to handle these high temperatures must 
be selected to withstand these high temperatures. We will have such 
problems as erosion of the gases over the reactor, or corrosion. 

In addition, the reactor must hold up at the high temperatures and 
high structure loads for the flow of these gases. In addition, the 
reactor must have controls. In this case you have a rocket sitting 
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on the ground and you want to start it. You must immediately re- 
lease from the reactor the energy, and let the liquid flow through it 
very rapidly so that you can build up the thrust for the missile so you 
can take off very quickly. 

This presents a development area on the controls of the reactor 
whereby you want to have the reactor cold and then in a matter of a 
few seconds, have it hot. 

With respect to the engine systems, you must consider the materials 
of the other components of the rocket. There will be gamma radia- 
tion and neutron radiation from the reactor. Certain materials of 
an organic type will not withstand these radiations very long. You 
must select materials for your valves and your pumps that will with- 
stand some radiation. : 

Of course, you must have certain areas shielded. Another problem, 
as you operate the rocket, there is some fissionable material that is 
exhausted from the gases. This is a function of the amount of erosion 
you have in your reactor. It is also a function of the length of time 
that you run the rocket, as well as the energy at which you operate 
the system, what temperature of the gases. 

So you have to consider in your facilities which test the rocket the 
contamination of the gases. You will also have to protect your equip- 
ment. The development of the necessary turbopumps and tanks is 
another development area. We are fortunate in this country, due to 
the liquid rocket progress, that it is possible to make great strides in 
the development of this turbo machinery. 

Engine controls is another development area. We want this device 
to flow to the reactor propellants at a very precise rate. You also 
want the device to flow the propellants to the reactor very quickly 
when you build up thrust, and at the cutoff of the engine, it must shut 
off at the proper time. So this requires precision engine controls. 

I would like to mention other types of systems. We have discussed 
here a straightforward fission process of a reactor, a heat transfer 
from a solid state to a liquid, and then a standard pressure expansion 
cycle. There are other concepts for energy release such as you well 
know, the fission process and certain types of radio isotope decay 
types for energy. There are certain other methods of heat transfer 
to the fluids. Such ones I will mention as a solid to a fluid, and in 
this case this device is very similar to a centrifuge in separation of the 
solid. Another concept, if you have the fusion process, a large amount 
of energy is transferred to a gas. Then at the high temperatures the 
gases are ionized, and it is possible to accelerate these gases at high 
velocities by electromagnetic means. These types of devices are in 
the early research phases, and we will know more about those in the 
next few years. 
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- In summary, the nuclear rocket offers a large payload. It offers 
vehicle simplification for very ambitious missions which would result 
in fewer stages and of course lower weight. A superior application 
will be emg you have large payloads for satellites, space and plane- 
tary tralfic. 

tee the project Rover, the aims are to develop a nuclear rocket. 
We at Rocketdyne are an industry member of the team that is work- 


with the Los Alamos laboratories, and we are working on the de- 
acghent of various components of the nuclear rocket. We believe, 
in conclusion, that a nuclear rocket is feasible and will be developed. 
(The prepared statement of Mr. Dixon is as follows :) 


Gentlemen, in accordance with the committee’s request we have prepared a 
short statement, with accompanying charts, describing the characteristics and 
application of the nuclear rocket engine. 

The energy limit of liquid propellant chemical rockets is in the neighborhood 
of 450 seconds of specific impulse or pounds of thrust developed by a pound of 
propellant in a given unit of time. As discussed in our earlier presentation on 
chemical rockets, performance much in excess of this is desirable for inter- 
planetary flight. 

Since the advent of controlled nuclear fission, propulsion engineers have con- 
sidered the application of nuclear energy to propulsion devices. The nearly 
limitless energy offered by nuclear processes has tremendous appeal, but the 
effective utilization of this energy to produce useful thrust poses some difficult 

roblems. 

. The most straight-forward method (Chart 1) appears to be the release of 
energy within a very high temperature reactor and the transfer of this energy 
to a suitable working fluid, or propellant, which is then expanded through a 
rocket nozzle. 
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Chart (2) presents a concept of such a nuclear rocket engine. In essence, 
it differs from its chemical counterpart only in the replacement of the chemical 
combustion process by a nuclear heat source. The liquid propellant contained 
in the supply tank is pumped at high pressure into the reactor where it ig 
superheated to very high temperatures, of the order of 4,000° to 5,000° F. After 
flowing out of the reactor, these hot, high-pressure gases are expanded through 
the nozzle to produce a high-velocity jet and a reaction thrust. 

The performance of any rocket propellant system is dependent primarily upon 
the temperature of the gases and their molecular weight. In general, high per- 
formance can be obtained by either high gas temperatures and/or low molecular 
weight exhaust gases. In the case of the nuclear rocket engine we are describ- 
ing, gas temperature is limited by the materials of which the reactor is con- 
structed, but the designer has a somewhat wider latitude in his choice of pro- 
pellant to achieve low molecular weight gases. From this standpoint, hydrogen 
would be the logical choice as a working fluid. 

A typical nuclear rocket space vehicle is shown in chart (3). 
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CuHart 3 


TYPICAL NUCLEAR ROCKET 
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To summarize interest in the nuclear rocket engine, I would like to turn to 
chart (4). The nuclear rocket engine offers performance up to 300 percent of 
that of the chemical rocket. This higher performance translates into a reduc- 
tion of missile gross weight and takeoff thrust ranging up to 90 percent, depend- 
ing upon the specific mission. 

To compare nuclear and chemical powered rocket vehicles, we have selected 
a theoretical mission of lifting a 50-ton payload from Earth to an orbit around 
Mars and then returning to an orbit around Earth. 


CHART 4 
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Chart (5) presents the relative sizes and the takeoff weights of such vehicles. 
In this study, the performance level of the two-staged nuclear-powered vehicle 
is assumed to be approximately twice that of the six-staged high-energy chemi- 
cal system. Comparison of the approximate vehicle takeoff weights indicates a 
tenfold weight advantage for the nuclear vehicle which translates into a tenfold 
advantage in the engine thrust requirements to accomplish this mission. 

In addition, the fewer number of stages required by the nuclear-powered 
vehicle means less vehicle complexity, an important factor in overall reliability. 
The development of such large boosters will include work on reactors of ex- 
tremely high power, the selection and construction of suitable test sites, the 
construction of propellant production plants, and safeguards against contamina- 
tion and radiation. 

CHART 5 
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Another interesting vehicle comparison is presented in chart (6). The goal 
here would be the acceleration of a fairly heavy vehicle from a low orbit around 
Earth to an orbit around Mars and then a return to the Earth orbit. The 
booster vehicle would be a cluster of million-pound thrust engines. A high- 
energy chemical second stage would place the third stage of Mars vehicle in its 
first Earth orbit. 

By using a nuclear rocket engine of moderate power for the Mars vehicle 
approximately 200 percent more payload could be carried on the trip than could 
be carried by a two-staged, high-energy chemical system of equivalent weight, 

(Chart No. 6 referred to is as follows :) : 


CHART 6 
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The development of such a nuclear rocket engine poses many challenging 
tasks (chart 7). The reactor controls must be capable of bringing the reactor 
safely up to operating power within a matter of seconds. Reactor materials 
will be required to operate at very high temperatures without erosion, cor- 
rosion, or change in physical characteristics. The fabrication of reactor parts 
will require new production techniques. In addition, materials for components 
of the rest of the engine system must be selected with possible heat and radia- 
tion effects in mind. 

(Chart 7 follows.) 
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CHART 7 


NUCLEAR ROCKET 
DEVELOPMENT PROBLEMS 
REACTOR 


@ CONTROLS 
@ MATERIALS 


ENGINE SYSTEMS 

@ MATERIALS 

@ RADIATION EFFECTS 
@ RADIATION SHIELDING 


CONTAMINATION 
PROPELLANT TURBOPUMP & TANKS 
@ ENGINE CONTROLS 


Methods must be provided to reduce heat from neutron and gamma radiation 
in adjacent engine components and propellant tanks. Also, adjacent structural 
elements must be protected from induced radioactivity. During the early devel- 
opment stage, heavy radiation shielding will probably be employed to protect 
critical areas of the engine system and its test stand structure. 

In flight, however, heavy shielding would severely penalize potential payloads 
and can be employed only sparingly and only in the most critical areas. As an 
alternate, it is possible that the reactor thrust chamber assembly will be sepa- 
rated from the rest of the propulsion system, thus trading distance for shielding 
weight. 

The fission fragments produced by the nuclear processes within the reactor 
create yet another consideration. If these products were allowed to migrate 
out of the reactor and were carried by the propellant into the exhaust jet, 
contamination of the test stand and nearby areas could occur. 

The extent of the contamination would depend on the quantity of fission 
products that escape, the power level, and the length of time that the reactor 
operates. For reactors of moderate power, the burnup of fissionable material 
should be quite small, so that contamination should not be particularly 
troublesome. 

Work on suitable turbopumps and propellant tanks is already underway in 
state-of-the-art development programs. It is sufficient to say that required com- 
ponents of this type can be provided by the time useful reactors will be available. 

The systems which we have just discussed all utilize the heat-exchanger-type 
of nuclear rocket. However, there are other concepts for applying nuclear ener- 
gy to rocket propulsion. Chart (8) shows other possible concepts for the release 
of energy, energy transfer, and acceleration of the working fluid to high exhaust 
velocities. 

Energy released by nuclear fusion or the decay ~f radioactive isotopes, energy 
transfer by liquid to fluid or gas to fluid devices, and acceleration of the working 
finid to high velocity by electromagnetic fields are shown. On the basis of 
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current state of the art, the fission reactor-solid heat exchanger with the 
sure expansion nozzle is the most logical choice for early development. 


pres- 
Most 


of the other concepts for applying unclear energy to propulsion are in the early 


research phases and may have potential at some future time. 
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Nuclear rocket propulsion will occupy an important role in the conquest of 
space (Chart 9). Because of the high performance potential of nuclear rockets, 
space vehicles employing such propulsion systems can deliver larger payloads 
with fewer stages. This capability opens the door to the establishment of larger 


satellites and planetary bases for future space exploration. 
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The Nation’s nuclear rocket program, Project Rover, aims to develop a nu- 
clear engine. The industry team, of which Rocketdyne is a part, is working 
with the Los Alamos Laboratory on the various problems. 

It is believed that the nuclear rocket is feasible and will be developed for 
future space applications. 


The Cuatrman. Mr. Dixon, we have followed your charts very 
closely. You don’t have any idea, do you, at this time that the nuclear 
rockets will take over the chemical rockets at any later date ? 

Mr. Dixon. Mr. Chairman, I believe we are in a phase now that the 
chemical rocket will be used for many years. I believe someday we 
want to have these ambitious missions for space flight, and the nu- 
clear rocket will come into play to accomplish these types of programs. 

The CHAIRMAN. You envision the idea that we will need chemical 
and nuclear rockets? Each have an adaptation ? 

Mr. Dixon. That is right. Each will have a place in some of our 
future missions, and in the next 10 years I am sure the chemical rocket 
will play the most important part. 

The CuarrMan. How far off is the nuclear rocket ? 

Mr. Dixon. We believe the nuclear rocket can be developed be- 
tween 5 and 10 years. 

The CuHairman. Without going into any matter you shouldn't 
discuss here in the open meeting, what is the chief reason for the 
holdup in the development of the nuclear rocket ? 

Mr. Drxon. I don’t know of any hold up. Essentially we are in 
the early research phase for the Government agencies, the aim being 
to develop a nuclear rocket and we are proceeding accordingly. We 
at Rocketdyne are part of the industry team that is working with 
the Government laboratories in this program. 

The Cuairman. I understand that now. But what is your prob- 
lem? Is it the development of the proper materials or is it that the 
theoretical formula has not yet been worked out, or just what seems 
to be the whole problem as of this hour? 

Mr. Dixon. The major problem of this is the development. of this 
energy device here. ‘This involves the development of suitable ma- 
terials that will hold up at these high temperatures against the ero- 
sion and corrosion problems. 

The Cuarmman. The creation of the heat and the transferring 
of the heat to liquids, which in turn will be the propellants: That is 
your problem, then ? 

Mr. Dixon. Yes; that is the major problem. 

The Cuarrman. Of course that is the engine, So your hold-up 
then is in the development of a suitable engine. 

Mr. Dixon. I think that is essentially a standard research and de- 
velopment problem that each particular problem must be solved logi- 
cally in the steps that you proceed through in any development of an 
engine. 

The Cuarrman. Are you pushing your program as fast as you 
would like to have it pushed out there? 

-Mr. Dixon. We can see certain areas where more development can 
be accomplished faster. We visualize that by additional effort some 
of the problems could be solved faster. 

The Cuarrman. When you say “additional effort,” you really mean 
additional money ? 


Mr. Drxon. Which would involve additional funds. 
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The Cuarrmman. Can you get the engineers and the chemists and the 
scientists that you need 

Mr. Drxon. Yes, sir, we have those available. 

The Cuarrman. There is no shortage at all ? 

Mr. Drxon. No, sir. This being such an interesting program, we 
have no difficulty. Most of the engineers at Rocketdyne would like to 
work on this type of effort. 

The Cuarrman. They are good scientists and good engineers ? 

Mr. Drxon. Yes. Of course, our Los Alamos laboratories are the 
greatest in the world. For the engineering support, we have very 
capable teams that can accomplish the development of some of the 
engine components of the system such as the turbo machinery, the 
valves and controls. We have a very able team in that field. 

The Cuarrman. You don’t know of any scientists or engineers any- 
where else in the world better than the ones we have here, do you? 

Mr. Drxon. I don’t know of any. 

The Cuarrman. Any questions 

Mr. Miller. 

Mr. Mixer. I notice you say that this is for a very ambitious mis- 
sion. Could you conceive a nuclear power plant being put into, say an 
intermediate range ballistic missile ? 

Mr. Dixon. No, sir, I don’t conceive that the nuclear rocket will be 
used for military missions. 

Mr. Miuier. Not for military missions. 

Mr. Dixon. No, sir. 

Mr. Mitier. What would be the effect if we had one of these things 
and it got up and something went wrong and it returned to earth— 
only got up a few miles and had to come down? Wouid we scatter 
hot uranium all over the countryside ¢ 

Mr. Dixon. This certainly would have to be considered, since this 
contains fissionable materials, if it did come down on the earth’s sur- 
face, it would scatter certain fissionable materials, and we would have 
to decontaminate that area. 

Mr. Mixer. Of course, it could be in a container stout enough—— 

Mr. Drxon. Yes; that is true. 

Mr. Mitxer. There is no danger of it exploding. It wouldn’t be 
an atomic bomb. It would just be the physical breakout of the con- 
tainer that would allow the fissionable material to be scattered. 

Mr. Drxon. The worst that could happen is this could melt down. 
That. is essentially about the limit of what would happen. 
~ But in some of our chemical rockets that have landed on the surface, 
we have found we can recover some of the major portions of the 
engine. Insome cases we have recovered the whole engine and cleaned 
it up and fired it in flight again. 

So it is possible in landing that the whole device may hold together. 

The CuarrmMan. Mr. Bass. 

Mr. Bass. Looking at your chart there at the intermediate or center 
picture, tas fluid do you contemplate being changed from a fluid 
into a gas? 

Mr. Drxon. The fluid such as liquid hydrogen, in the liquid state. 
It is very light weight and will flow through your reactor, the heating 
from the fissionable reaction, and then go from a liquid state to a vapor 
state, and then continue to heat. due to the fact of the heat source there. 

The Cuarmman. Mr. Daddario. 
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Mr. Dapparto. Mr. Dixon, will you explain to us just what Project 
Rover is? 

Mr. Drxon. Project Rover is a project that has been set up by the 
Government agencies to look into the development of a nuclear rocket. 
Mr. Davpario. When was Project Rover initiated, and by whom? 

Mr. Dixon. My memory may be rusty in this area, but I believe it 
was around approximately 3 years ago—1955—that the Rover pro- 
gram was initiated by the Atomic Energy Commission and is a team 
effort of the U.S. Air Force and industry. 

Mr. Dappario. Then we do have in this particular instance, when 
we talk about Project Rover, an effort to develop a propellent engine 
through the Atomic Energy Commission, rather than through NASA 
or the ballistic missiles agencies or anything of that type. 

Mr. Drxon. The N/ SA organization, with the Atomic Energy 
Commission and industry, I am sure, are all participating in this 

rogram. 

Mr. Dapparto. Is there a definite tieup between these two that you 
know off You say “probably are.” Are yousure they are? 

Mr. Drxon. I am sure there is a tie up. 

Mr. Dapparto. Can you tell me how much the Government has set 
aside for Project Rover in dollar amounts for the development of 
a nuclear rocket ? 

Mr. Dixon. I am not sure of the exact dollars, but it has been pub- 
lished in various articles, and they said in 1958 there was around $20 
million allocated for Project Rover. 

Mr. Dappario. $20 million in the 1958 budget for—— 

Mr. Drxon. Project Rover. 

Mr. Dapvparro. Is that the full amount of money that you know of 
that is being expended for nuclear development ? 

Mr. Dixon. I am not sure. 

_ Mr. Dapparro. Do you feel that what you know of Project Rover, 
with the $20 million involved—taking into consideration the effort 
involved here—that that is a sufficient sum of money to develop this 
kind of a vehicle? 

Mr. Drxon. I believe more effort could be placed on this program. 
Probably about twice the level of effort that is placed on it now 
undoubtedly would speed up the whole program. 

Mr. Dappario. When you take into consideration, sir, that in your 
chart you show the great savings would be in size and in possibilities 
of what these vehicles could then do, once developed, wouldn’t you 
think that this extra effort should be made? . 

As I understand it, you would say if you had $40 million you 
could do just about what you wanted to do in this field? You said 
we could make twice the effort. 

Mr. Drxon. Your question ? 

Mr, Dappario. My question is, going back to what you have just 
said, you den’t mean a tenfold effort, but perhaps just. doubling the 
effort, which means that if $20 million is now being spent on Project 
Rover, that $40 million would allow you to do the kind of a job that 


you feel should be done in this particular area at: this time. 
Mr. Dixon. Yes, I believe it would certainly result in a more effec- 


oe program that could make more progress than, you are doing 
today. 
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Mr. Dapparto. Do you feel that you have the capacity, both in 
plants and scientists and know-how to efficiently expend this extra 
money if it were to be allotted to you? 

Mr. Dixon. With respect to our company’s participation as a team 
effort, mainly in the other components of the rocket engine, we have 
the sufficient manpower and capabilities to accomplish that portion 
of the program. 

Mr. Dapparto. to expand ? 

Mr. Drxon. And to expand; yes, sir. 

Mr. Dapparto. Do you feel this should be done? Do you feel this 
expansion should take "ara If so, should it take place immediately, 
or is there a lag in time? 

Mr. Drxon. I feel that your future requirements over the next 5 
to 10 years will require us to have large payloads in space. By pro- 
ceeding now with additional effort we can make progress to the point 
that we will know what the characteristics of this device are, know 
how to use it in an early program. 

Mr. Dapparro. You would recommend, then, if an extra $20 mil- 
lion could be made available for nuclear development, that it should 
be done now, that you have the capacity to do it, and that it would 
certainly put us to the point where 5 years from now we would have 
this portion of the research and development behind us? 

Mr. Drxon. Yes, sir. 

Mr. Bass. Would you yield on that? 

The Cuatrman. Mr. Bass. 

Mr. Bass. Just for the record, as I understood you, Mr. Dixon, your 
setup in Rocketdyne is proceeding papietantonty in your opinion? 

Mr. Drxon. Yes; it is proceeding satisfactorily. : 

Mr. Bass. You are making your maximum effort in this field? 

Mr, Dixon. No; we are not making our maximum effort. We are 
proceeding satisfactorily. We could go faster. 

Mr. Bass. If it is satisfactory, it must be maximum. 

Mr. Dixon. Satisfactory would mean that what we are doing and 
accomplishing, with what funds we have, and meeting our objectives— 
What 1 mean is, we could meet these objectives earlier if more funds 
were provided. 

Mr. Bass. With more funding, that means hiring more scientists, 
engineers, and personnel to increase your effort, does it not? 

r. Drxon. F would like to point out, as Mr. Hoffman did in the 
early part of the sessions, the ballistic-missile rocket-engines pro- 
grams—Atlas, Thor, and Jupiter—major development phase has been 
accomplished. We are now in the production phase of such devices. 
We have in our organization these same development. engineers that 
are becoming available, whereby some of them could work on this 
particular program. We would not have to hire new people. These 
talents are available now to work on the phases that we would par- 
ticipate in on this program. 

Mr. Bass. What are these people doing now ? 

Mr. Drxon. They are in the phase of cleaning up, on developments 
and what we call final qualification type testing. 

If we don’t let them work on such programs as these, they will be 
back into the other industries. 

Mr. Dappario. Just to finish up, as I understand it, then, Mr. Dixon, 
when you say you are doing a satisfactory job at this time, you meap 
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that with what you have available, you are making the maximum 
effort. 

If you had more available, re could do much more and accomplish 
a great deal to get the kind of an engine that you have described here 
this morning, at an earlier date ¢ 

Mr. Dixon. Yes, sir. 

The CuarrmMan. Any further questions ? 

Let me ask Dr. Gunn this, if I may. He is Project Rover manager 
at wy company. All of this is research and development, isn’t that 
right! 

r. Gunn. Yes, sir, the effort that is going on at Rocketdyne now 
is mainly development of certain components that could be used in 
such a system. 

The Cuarrman. What I want to ask is this: I have been asking all 
of the companies to give us some idea of their research and develop- 
ment program. Did you give that yesterday, Doctor? 

Dr. Dunn. No, sir; I was not here yesterday. 

The Cuarrman. What is the size of your research and development 
program ? 

Dr. Gunn. Fundwise or manpower ? 

The CuarrMaAn. Both ways. 

Dr. Gunn. We are running at about $1.9 million a year right now, 
associated mainly with the development of a suitable pump. Our 
manpower level is something around 60-odd people. 

The CuarrMan. Sixty-odd people ? 

Dr. Gunn. Sixty-odd—63 or 64. 

The CuarrMan. They all are working on one pump? 

Dr. Gunn. Yes, with the development of the pump and its asso- 
ciated problems. 

The CuatrMan. So they are the scientists and the engineers that 
we have referred to, is that right ? 

Dr.Gunn. That is correct, sir. 

The Cuarrman. When they complete the deralopment of that 
pump, they would be available for a project such as this ¢ 

Dr. Gunn. In addition to the people we have on the pump, we have 
other team members who are in the company. 

The Cuarrman. Aren’t they in research and development ? 

Dr. Gunn. They are in research and in systems study work. We 
also have people available to start on the turbine, which is all design. 

The Cuarrman. Is systems study work, research and development ? 

Dr.Gunn. Yes, I would classify it as that. 

The Cuarrman. Have you included that in the $1.9 million ? 

Dr. Gunn. The $1.9 million is the funding set aside this year, the 
current phase of our program, for the development of the pump. 
There are 60-some-odd people involved in that effort. Over and 
above these people, there are additional people who are standing by, 
awaiting the opportunity to get on with some of the other phases of 
the program. These peopie are engaged in certain studies and ap- 
plications of such propulsion systems. 

The Cuarrman. Then as I understand it, your total R. & D. 
program is $1.9 million, a little less than $2 million, 

Dr. Gunn. That is correct, sir. 

The Cuarmman. I think that covers it. 

Mr. Moeller. 
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Mr. Moertirr. Mr. Chairman, may I ask Mr. Dixon a number of 
uestions. You presented a very intelligible study. However, I 
ail to observe enthusiasm on your part for this thing. Are you fear- 

ful of it? Is there something about this nuclear rocket that you 
didn’t tell us, that it may not be what we are hoping it would be? 

Mr. Dixon. No. I think the nuclear rocket is the next step for 
large energies available after the chemical rocket. I hope I haven't 
shown a lack of enthusiasm. I think this is the next area of propul- 
sion we will have for space for both upper stages as well as for 
boosters in the future. 

Mr. Mortier. You don’t feel it is far enough along, then, that you 
could immediately sell the idea? You feel that the chemicals must 
precede it yet for a while, simply for feasibility, for practicality? 

Mr. Drxon. Yes, sir. I believe that we should proceed with the 
development of this device as fast as we can, and certainly there will 
be many applications I think in the next 5 to 10 years. You will 
have many applications where you want small payloads in orbits, or 
you want to have small payloads for interplanetary missions. 

The chemical rocket will accomplish this. Then there will be a 
time that you will want to place large payloads in space. The nu- 
clear rocket will be your answer for that. 

Mr. Mortzrer. What information can you gather from the engine 
device in our submarines for example, that would be helpful in a 
rocket? Can you use any of this at all? Or are the systems so 
entirely different from one another? 

Mr. Drxon. No, I don’t think so. It is a different level of power 
that is required. For the nuclear rocket, it is a very high-level power 
reactor. I think the submarine has a very low-power level. 

Mr. Mortter. May I ask: Do you happen to know what Russia 
might be doing in this field ? 

Mr. Drxon. No, sir, I don’t know what they are doing. 

Mr. Moetier. Would you be able to say about when these might 
appear? Did you say 10 years? 

Mr. Dixon. Five to ten years. 

Mr. Moetirr. And will be considerably cheaper than the chemical 
type. 

Mr. Drxon. I don’t think it is going to be cheaper. We are going 
to have fissionable materials in the reactor. These are expensive. 

The Cuarrman. I want to thank you gentlemen very much for com- 
ing here and giving us the benefit 

fr. Kartu. Mr. Chairman, could I ask a question ? 

The Cuarrman. Surely, Mr. Karth. 

Mr. Kartu. Has it been decided yet whether or not nuclear pro- 
pulsion is a feasible method of propulsion ? 

Dr. Gunn. Maybe I could try to answer your question. As you 
probably know, there are preparations now underway in Nevada for 
the conduct of what is known as the Kiwi-—A reactor experiment. To 
answer your question, you have to define what you mean by feasible. 

Mr. Kartu. There has been some doubt expressed in the last couple 
of days as to whether or not a nuclear propulsion would even be a 
feasible method: of propulsion. Just yesterday or the day before, 
upon my question, it was testified by one of the people who ap- 

ared before the committee that it would take about $50 million of 
gga to decide whether or not nuclear propulsion would be 

easible. 


SPACE PROPULSION 147 


My question is: Have you Lom ape our company, decided 
whether or not nuclear propulsion is feasible at this stage, after 
expending a small portion of that money ? 

r. GuNN. On the basis of the information that we have, we have 
concluded that it is feasible. This opinion may be temporarily changed 
as a result of the outcome of the test in Nevada, but we know of no 
obstacles that we have run into, or are aware of, that state it is not 
feasible at this time. 

Mr. Karru. Have you decided whether or not nuclear propulsion 
would be feasible in the first stage of a rocket, for example? Or do 
you feel after your experimentation that it would be impractical as 
a first stage of propulsion ¢ 

Dr. Gunn. I think the suitability of nuclear rockets for the ty 
of missions you were describing—that is, upper stage versus big 
boosters—is a question of timing. And that in the early phases of 
the program it is easier to do the job, get around, circumvent, some 
of the other problems such as the production of large quantities of 
propellant and preparation of suitable test sites by shooting for some- 
thing less ambitious, in the way of a thrust level, and hence this means 
that such a system will probably find utilization first as an upper- 
stage device. 

However, there still is nothing we know of yet today that we can 
say firmly precludes the use of a nuclear rocket in a large booster 
application. 

he CuarrmMan. Any further questions ? 

Mr. Wolf. 

Mr. Wotr. Mr. Chairman, might I ask one question of anyone in the 
room. Is there any research—and if there is, has it been demonstrated 
of any help to us—on a cheaper source of a fissionable material than 
uranium? Is any research being done anywhere in the United States 
to find a cheaper source for fissionable material ? 

Dr. Gunn. I think really the cost that we are alluding to here, or 
suggesting, is not so much the cost of the raw material itself, but 
rather in handling the device and engineering it and making it work 
as a system, the test site problems, the radioactivity and contamina- 
tion problems. These are pretty much common, regardless of what 
the fission source is. 

The Cuairman. I think we had better proceed. We have two more 
groups of witnesses here this morning. 

We want to thank you gentlemen very much for coming here and 
helping us. We value your testimony very highly. 

Now we will call Dr. Arthur Biehl, vice president and technical 


director of the Aerojet-General Nucleonics Division from California. 
Dr. Biehl. 


STATEMENT OF DR. ARTHUR BIEHL, VICE PRESIDENT AND TECHNI- 
CAL DIRECTOR, AEROJET-GENERAL NUCLEONICS DIVISION 


Dr. Brent. Mr. Chairman, I have a prepared statement, here. I 
would like to read it if that is satisfactory. 

The Cuarrman. Fine. 

Dr. Bru. The title of it is “The Role of Atomic Energy in Space 
in the Next Decade,” and I have included some matter besides just 
propulsion, if that 1s admissible. 
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With the advent of increased interest in space exploration, the 

uestion has arisen as to the role of nuclear systems in space within 

the next decade. I will try and limit my discussion just to this next 
decade. 

In considering this question, it is, of course, necessary to consider 
the advantages and disadvantages of a nuclear system as compared 
to a chemical system for certain missions, the potential value of such 
missions, and where the nuclear system appears to be advantageous, 
One must also consider both the technical feasibility and the most 
desirable type of nuclear system. 

In this regard, for certain missions, nuclear systems clearly appear 
to have certain advantages over chemical systems when used as a pro- 
pulsive means or as a way of supplying auxiliary power. 

The advantages of the use of nuclear energy in space applications 
primarily stem from the fact that there is potentially available some 
100 million times more energy per unit weight from nuclear fuels 
than there is from the best chemical fuels. However, this advanta 
cannot always be fully realized and is accompanied by the disad- 
vantages of the presence of nuclear radiations, as well as the limitation 
of a minimum size (and weight) in which a nuclear reactor package 
can be built. 

In certain applications the effects of radiation do not constitute 
too serious a disadvantage although in other, particularly manned 
applications, the necessity for shielding from the radiation can be a 
serious penalty. 

Similarly, the minimum size for the generation of energy by means 
of a nuclear reactor system may not be a serious penalty, particularly 
in those systems operating at high power such as is required for 
nuclear rockets of the Rover type—I think that will be discussed 
tomorrow in some detail—for electrical propulsion systems, et cetera. 

However, for many applications, the use of nuclear energy, when 
compared to the use of chemical energy for a given mission, is 
seriously hampered by the inability, with present technology, to build 
very small, light, nuclear reactors. One of the few exceptions is the 
utilization of radioactive isotopes for auxiliary power systems in 
space, as has been recently discussed on the chart. 

Before considering in some detail what type of nuclear systems can 
be used in space, it is probably worthwhile to review the types and 
characteristics of some of the missions in which the nuclear systems 
could be the least expensive, and the best way of obtaining successful 
performance. 


1, POSSIBLE MISSIONS FOR NUCLEAR PROPULSION SYSTEMS 


A round-trip mission to Mars appears to be one of the missions in 
which nuclear propulsion systems are potentially superior to chemical 
systems. Such a mission can be visualized as using chemical boosters 
to place a nuclear propulsive system in orbit around the earth. 

The nuclear system would then take over and propel the rocket to 
Mars, orbit Mars, and then return the rocket to orbit about the earth 
where it could then re-enter the atmosphere and could be recovered. 
For such a mission it is worthwhile to compare quantitatively the in- 
cremental velocities required to perform such a mission by means 
of both a high thrust, as well as a low thrust system, By a “high 
thrust system” we mean the case where the thrust of the rocket is 
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approximately equal to the weight of the rocket, and in this regard, 
it is similar to the thrust weight ratio of most of the familiar chemi- 
cal rockets used today. 

By a “low thrust system” (such as ion propulsion systems) —I think 
that will be discussed tomorrow in some detail — we mean a system 
which has a thrust of 1/10,000 or less of the weight of the system. 
Interestingly enough, a high-thrust system is much more economical 
in the use of its fuel in performing the aforementioned Mars mission 
in that it only requires an incremental velocity of about 11 kilometers 

r second — this is about 36,000 feet per second in other units — 
whereas for a low-thrust system performing exactly the same mission,. 
an incremental velocity of approximately 33 kilometers per second is 

uired. 
Thus, we see that if both high- and low-thrust systems could be 
obtained with the same effort, weights, et cetera, the high thrust sys- 
tem, is always preferable in that it means a much smaller and lighter 
overall system, other things being equal. 

In considering a rocket to perform the aforementioned mission, 
it is interesting to compare the potential performance of the nuclear 
rocket with that of a chemical rocket in terms of the exhaust veloci- 
ties which may be expected to be obtained in these systems within the 
next, decade. 

Specifically, a chemical rocket, due to the nature of the chemical 
bond and to the chemical fuel used, is limited to an exhaust velocity 
of approximately 4 kilometers per second (12,500 foot-second), 
whereas nuclear systems have been proposed with exhaust velocities as 
high as 8 kilometers per second for a high-thrust system, (25,-000 
foot-second), and as high as 100 kilometers per second (or even high- 
er) for low thrust systems (such as ion propulsion systems decribed 
herein ). 

I might explain, 4 kilometers per second is equivalent to a specific 
impulse of about 400 seconds. Eight kilometers per second exhaust 
velocity is equivalent to a specific impulse of 800 seconds in other 
units. 

Now, the higher the exhaust velocity that can be obtained, the less 
fuel it is necessary to carry along on a mission ; accordingly, the smaller 
and lighter the overall system. For example, a chemical propulsion 
system having an exhaust velocity of 4 kilometers per second—that is 
400 seconds of specific impulse—of a high-thrust type for the afore- 
mentioned Mars mission, would require a mass of fuel some 15 times 
the dry weight of the rocket system. . 

In comparison, a nuclear propulsive system having an exhaust ve- 
locity of 8 kilometers per second and again of a high-thrust nature, 
would require a mass of fuel only some four times the dry weight of 
the system. Thus, we can see that, for nearly similar dry weights, the 
nuclear rocket would be considerably smaller and lighter. 

In fact, the low-thrust system only becomes of interest when one can 
envision exhaust velocities in a range of 30 to 100 kilometers per sec- 
ond. These have been proposed for ion propulsion systems. For 
these high-exhaust velocities the weight of fuel necessary is only some 
two or three times the dry weight. 

A round trip involving a landing on the moon is another potential 
system for the use of nuclear propulsion. What has been said in 
regard to the aforementioned Mars mission is true to a lesser extent 
in the case of the moon mission, although the advantages of a nuclear 
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system over a chemical system cannot be argued nearly as strongly 
and, in fact, does not appear to offer sufficient advantage as to justify 
a concerted effort for this mission. 

It will be specifically noted that nuclear rockets, specifically of the 
Rover type—that is, the high-thrust type—for use as booster rockets, 
have been omitted. We have reached the conclusion, after consider- 
able study, that nuclear rockets for boosters may not be a good appli- 
cation of nuclear energy in space, although this subject is currently 
under considerable debate among technical people. 


2. ROVER 


We at Aerojet have the good fortune to have participated in the 
Rover project. The system consists of a high-temperature nuclear 
reactor using hydrogen as the propulsive gas. In such a system, the 
hydrogen is pumped through the reactor where it is heated by normal 
heat transfer, and then expanded through a nozzle to provide the 
rocket thrust. 

By such a system, thrusts of slightly greater than 1 g and exhaust 
velocities of 8 kilometers per second may be obtained using current 
state of the art technique and special high temperature materials, 
The feasibility of such a system is unquestionable, the principal 
problems involved being the high-temperature materials used in the 
nuclear reactor, fabrication of high-pressure, high-capacity hydrogen 
pumps, et cetera; it is our opinion that, with sufficient financial sup- 
port, such a system may readily be made available within the next 10 
years and will prove to be a most useful post-booster propulsive sys- 
tem for missions requiring a high incremental velocity such as the 
Mars mission described above. 


3. ELECTRICAL PROPULSIVE SYSTEMS 


A rather great variety of electrical propulsive systems have been 
proposed within the last few years. Almost all of these systems, 
whether they go under the name of ion propulsion systems, colloid 
propulsion systems, magneto-hydrodynamic systems, or whatever it 
might be, have the common characteristics of providing low thrust 
(one ten-thousandth g) and all of the systems we have studied require 
considerable technical development, some of which might be called 
“breakthroughs” in order to achieve desired performance. 

The principal technical problem that remains to be solved before 
such electrical propulsive systems may be considered to be practical, 
is the means for producing the high current of charged particles 
at the desired high velocity. 

For example, typical systems require currents of as high as 500 to 
1,000 amperes, at an acceleration voltage of typically 2,000 volts. 
The current state of the art lags behind this goal by a factor of a 
thousand or more, that is, the highest currents that have been obtained 
in the laboratory are some fractions of amperes. 

Of course, Aerojet is working on a number of these systems, and we 
believe that in the next 10 years at least one, and probably more, 
satisfactory systems will be obtained in the laboratory. It very well 
could be a longer period before the first space mission would be 
launched using a most-boosted electrical propulsion system. 

Another problem that exists in electrical propulsion systems, is 
the critical nature of the weight of the nuclear powerplant for gen- 
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erating the required energy. Again, Aerojet has been working on the 

roblem, and although considerable development is required, no tech- 
nical breakthrough or new scientific information is needed to satisfy 
the required powerplant weight. 


4. HYDROGEN PROPULSION REACTOR 


We at Aerojet have been working on a combination of the above- 
mentioned Rover and electrical propulsion systems providing an inter- 
mediate thrust. We visualize such a system as utilizing currently 
developed low-temperature gas cooled reactors, where the hydrogen 
after passing through the reactor core is expanded through a turbine 
which, in turn, drives a generator. 

This process is repeated some 3 times and then finally the hydrogen 
on coming from the reactor is heated by means of the electrical energy 

nerated in the aforementioned generators. Such a system appears 
to be doable in a considerably shorter time scale than Rover, and for 
considerably less money, since it uses already developed gas-cooled 
reactors. This system does not have the high temperature problems 
of Rover nor the ion gun problems of the electrical propulsion system. 

We feel sure that such intermediate systems will be pursued in the 
next decade, particularly since they are also capable of supplying 
large blocks of electrical power for other applications in space. 


5. SUPERSYSTEMS 


A fairly large number of other applications of nuclear technology 
to space propulsion have been proposed during the last few years. 
Some of these are described in Bussard’s book on nuclear rockets, and 
all have the common characteristic of requiring at least one technical 
breakthrough before they can be considered as practical systems. 

Among the systems which have been proposed, are the intimate 
mixing of the fuel and gaseous uranium, and then the separation of 
the uranium from the fuel before expulsion from the rocket. An- 
other is the use of nuclear detonations, that is, nuclear weapons, to 
provide large blocks of energy which literally blow the rocket out of 
the earth’s atmosphere. 

We at Aerojet have studied many, many of these systems and will 
continue to do so in the future. As to how soon one or more of these 
systems might be considered practical enough in order to warrant an 
experimental program and then a hardware development program, 
and finally see an application in space exploration, time can only tell. 

Breakthroughs are occurring every day, but in the next 10 years it 
is not likely for a breakthrough to occur in one of these superperform- 
ance systems which could allow any one of them to be operational in 
that time interval. 

Another application of nuclear energy in space exploration is the 
use of nuclear energy to supply power for instruments, communica- 
tions, environmental control, and housekeeping loads, as well as a 
primary power source for the aforementioned electrical propulsive 
systems. We at Aerojet have again been conducting systems studies, 
as well as some detailed design of nuclear reactors for most of the 
above-mentioned uses. 

We feel sure that the only practical way of supplying large blocks of 
power for space applications for longtime durations, is by means of 
nuclear technology. In this regard, although there are many problem 
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nite 
plants in space at reasonable weights within the next 10 years. 

Such plants having weights as low as 10,000 pounds can supply as 
much as 1 megawatt of electrical power for time periods of 1 year or 
even longer—this is the typical power required for an electrical pro- 
= system, which you will hear about tomorrow—or, plants 

aving weights as low as 3,000 pounds, including shielding for manned 
— can supply 20 kilowatts of electrical power for similar time 
periods. 

If we are going to have men in space, if we are going to have elec- 
trical propulsive systems, we must have these nuclear auxiliary power 
systems. Such systems, although costly for the engineering and 

evelopment, could be made available in the time period under 
consideration. 

In regard to such nuclear auxiliary power systems, we believe there 
is also an application if we are to have manned lunar stations. Again 
one of the primary problems in setting up a base on the moon is going 
to be the electrical power required for housekeeping and environ- 
mental purposes. 

Accordingly, we believe that these plants should be under design 
and development at the present time if we plan such habitation of the 
moon. We believe it is not impossible that such plants could be built 
and moved there with chemical rocket systems within the next decade. 

An interesting thought on an application of nuclear energy to space 
is the possibility of setting up a nuclear power generation station on 
Mars, whereby the station power would be used for decomposin 
water into the chemical fuels, hydrogen and oxygen, for use in chemi- 
cal propulsive rockets. Indeed, we are studying this problem at Aero- 
jet and find that for a manned mission to Mars, such a system offers 
considerable advantage over performing the mission by means of a 
Rover nuclear rocket. Again, we believe that starting today, it is not 
impossible that such a system could be developed, and made opera- 
tional within the next 10 years. 

In conclusion I would like to summarize my thoughts as follows: 

1. The applications of nuclear energy to the exploration of space 
are many, but they must always be considered economically with other 
systems such as chemical systems for the missions. Nuclear systems 
are not always the best. 

2. Project Rover is worthwhile for many space applications and 
should be pursued for these applications. 

3. Electrical propulsion systems are a long way off—that is, com- 
pared to 10 idl ae although the ultimate for long missions, are 
not a cure-all. 

4. Nuclear auxiliary power units are a must. 

The Cuarrman. That last statement impressed me most of all when 
you say nuclear power units are a must. 

Dr. Brent. Yes, sir. 

The Cuarrman. If that is true, we certainly ought to push them as 
rapidly as we can. Have you any suggestions, offhand, as to how 
they could be pushed ? , ; 

r. Bren. I think the Atomic Energy Commission is already active 
in this field. Continuing on, though, ldo not know of any, let me say, 
hardware work going on for 1-megawatt plants for spare or any high- 
powerplants and I think this will certainly be needed in the future 


areas requiring engineering development, there does not appear to be 
any fundamental reason why the G ited States cannot have power- 
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if we are going to have ion propulsive systems or we are going to have 
le on the moon or men in space for a long duration. 

The CuatrRMAN, We should be developing a megawatt powerplant 
of electricity ? 

Dr. Brent. I would like to think of at least two types we should be 
developing in a range of from say 10 to 100 kilowatts for space appli- 
cations and a range of 1 to 10 megawatts for ion propulsive systems. 

The CuarrMan. I was at | by something you said earlier in 
your statement, that certainly for the time being you feel that chemical 

werplants are preferable in manned satellites. 

Dr. Bren. No, I didn’t say that. In fact, the weights are excessive 
to use a chemical power plant for longtime duration at high power 
inspace. You just can’t carry along enough fuel. 

he CuarrMan. So they are not preferred for manned vehicles? 

Dr. Brent. You have to supply the shielding and use a nuclear 
powerplant. Let me describe typically, if you are going to have half 
a dozen men in space, let’s say, in a vehicle orbiting the earth, you 

uire something like 10, 20, 50 kilowatts of electrical power. 

he only practical aay; 4 of doing this, to my knowledge, if you want 
to keep these men up there for a month or 6 months, would be by 
nuclear power. 

The Cuairman. The ballistic missile would now appear to require 
chemical propulsion. 

Dr. Brenu. That is because the power is required for something like 
a half hour or even less. 

The Cuatrman. And then you would expect in many instances ex- 
plosions, too, of the ballistic missile. 

Dr. Brent. That is the purpose, I take it, sir. 

The CuairMan. Any questions? 

If not, we certainly thank you, sir, for a very fine statement. 

Now we have two more witnesses this morning. We just about have 
time enough for them, too—that is Mr. William J. Reinhardt, head 
of the technical planning section of Thiokol, and Mr. John Newgard, 
project engineer, nuclear propulsion, of the Thiokol Chemical Co. 


STATEMENT OF JOHN NEWGARD, PROJECT ENGINEER, NUCLEAR 
PROPULSION, REACTION MOTORS DIVISION 


Mr. Newaarp, I think I can display this chart when I have to refer 
to it. 

In the light of what has already been said, we shall cut our talk a bit. 

The CuarrmMan. Let me ask you what happened to Mr. Levoy. 

Mr. Rernuarpr. He is not here today, sir. 

The Cuatrman. The statement there has his name on it, also. 

Mr. Newaarp. That is right. He is a coauthor, but it was not neces- 
sary for him to appear. I shall briefly describe a typical nuclear heat 
transfer rocket, one that I feel can be developed within a reasonable 
period of time, and by “reasonable,” I mean, as indicated by Mr. 
Dixon, within 5 to 10 years. 

I will point out some of the problems involved in such a develop- 
ment program, and Mr. Reinhardt will cover various proposed uses 
for such systems and some recommendations. 

As you have heard, one of the principal criteria for rocket per- 
formance is specific impulse. Most chemical systems operating at a 
chemically limited maximum temperature of about 8,000° F. can expel 
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gases with an average molecular weight of no more than 9, thus giving 
specific impulses of about 400. 

A conservatively designed heat transfer nuclear rocket such as the 
one I will discuss, can double this specific impulse, and the perform- 
— advantages for this doubling you have already heard from Mr. 

ixon. 

Such a vehicle requires one to use reasonably high temperatures 
within the heat transfer system. I shall discuss a heat exchanger 
which can operate in the order of about 4,000° F. 

The coolant gas through the heat exchanger is hydrogen, because 
it, of all the gases, has the lowest molecular weight. I should like to 
refer to this diagram which illustrates in cross-section what a typical. 
heat transfer nuclear rocket system would look like. (See fig. 1, p,. 
166.) 

This is a single-stage vehicle. It is conceivable that such a vehicle 
can take off from some terrestrial platform or can be launched, for 
example, as a second-stage after being boosted chemically. Or it is 
conceivable that a smaller vehicle of this type can be used as a third or 
higher stage in some orbital mission about the earth or in an earth- 
planetary mission. 

Typically the rocket would contain some payload, of course, instru- 
mentation for guidance, propellant tank, a pump, the heat source— 
which is the reactor—mixing chamber and the De Laval nozzle which 
converts the thermal to kinetic energy. 

The orameican. The upper part is the only part that is the payload, 
isn’t it? 

Mr. Newearp. Yes; a very small fraction of the overall weight of 
the system is payload, the useful part of a particular mission. 


It is difficult to see from this small diagram, but if you refer to your: 


own diagram in the paper that was handed out to you, you can see 
what is envisioned as the simplest vehicle. We would pump liquid 
hydrogen 

The CuarrMan. That is on page 3 of the statement, isn’t it? 

Mr. Newearp. Yes, it is figure2. (See p. 168.) 

The CuarrmMan. Figure 1 or figure 2? 

Mr. Newearp. Figure 2. We would pump liquid hydrogen around 
the periphery of the reactor through what might be a showerhead in- 
jector. At this point the hydrogen would be in a gaseous form. It 
would be pumped through the reactor, heated to high temperatures of 
the order of 4,000° F., and then expelled. 

Part of the flow would be diverted to operate the pump and we 
would recover as much of the hot gas in thrust as we could by thrust 
recovery nozzles. 

The control of this reactor we envision as being outside of the re- 
actor via a scheme sometimes called reflector control. This has 
certain advantages over that ordinarily used to control a power re- 
actor, where one uses poison rods—rods that penetrate the power- 
producing core itself. 

Some of the problems involved in the development of such a 
machine we can briotly summarize as follows. First, a suitable fuel 
element must be designed and tested. This element has to be reason- 
ably stable against corrosion and erosion. Rather large drag forces 
are exerted by the flowing gases on the entire core structure, if one 
contemplates large propellant flows through the core to obtain high 


thrusts. High thrusts require high-power operation of the nuclear 
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reactor. Hence tremendous forces are exerted on the core at the same 
time that high power is being generated, thus tending to disrupt and 
destroy the core. 

An operating nuclear rocket, for example, would expel, we believe, 
some corrosion products. If we talk about hydrogen through the hot 
graphite core, there is a possibility of hydrogen combining with a 
carbon and forming methane in one part of the reactor, and possibly 
forming acetylene in another part of the reactor. These gases, 
methane and acetylene, are corrosion products. Surfaces and struc- 
tures in the core which are corroding may be pitted, weakened, or 
destroyed. 

High velocity flows would tend to erode and destroy the surface 
of the fuel elements that compose the core, just as water erodes the 
sides confining a stream as it flows past. 

This corrosion-erosion would expel large quantities of fission prod- 
ucts, that is, considerable radioactivity in the surrounding area, 
should the vehicle be launched from the ground. Even if utilized 
as a second stage there is some atmospheric contamination. One of 
the ways to completely eliminate this would be to use a nuclear rocket 
in orbit. In that case the radioactive material would just follow 
in the same orbit as the vehicle. 

Another typical development problem is one of startup and of 
reactor control at power. How do you control such a beast? The 
reactor itself, for example, might operate anywhere in a power 
range from 100 megawatts to 100,000 megawatts, depending upon 
whac type of mission we are talking about. 

For example, a 100,000-megawatt machine in a single-stage nuclear 
rocket with a ground takeoff can escape from the earth with approx- 
imately 100,000 pounds of payload. No particular space mission is in 
mind in this example, 

Hence you see for ground takeoff the control of 100,000 pounds of 
megawatt of power represents a considerable problem. 

Another problem is that of control or the startup of such a reactor 
in space; for example, if you want to avoid the ground-hazard prob- 
lem it is conceivable to use a nuclear rocket as a second stage, chemi- 
cally boosted to space and then started in space. Here the problem 
is starting "P this reactor relatively rapidly so it can take over when 
the chemical boost has lost its power. ; 

Mr. McDonoven. What would be the life of the nuclear power unit 
after it has been released? If you released it with the chemicals and 
then it got into flight, what would be the life of it ? 

Mr. Newearp. The life of the kinds of nuclear rocket powerplants 
I am discussing are all in the order of 3 to 5 minutes at very high 
power with maximum lifetimes for a number of conceivable missions 
of 1 hour. This means you can operate such plants at high power, 
for example, for a few minutes without running into problems, or 
you can operate these plants at much lower powers for longer periods 
of time. The operating time and power level really depend upon 
the mission you have in mind. 

Mr. McDonoveu. This is all theoretical, of course. We haven’t 
done this ¢ 

Mr. Newearp. Nobody to my knowledge has operated a nuclear 
rocket. I understand such tests will be performed soon. 

The Cramman. Let me ask you this: In operating a nuclear 
rocket—that is, in building the engine, you follow fundamentally the 
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same principles, don’t you, that you would in, for instance, operatin 
a submarine—as I just mentioned to you earlier. The mechanica 
principles are there, aren’t they ? 

Mr. Newearp. True, the theoretical principles are the same. But 
we now talk about different regimes of power operation. For most 
applications, at least where one wants to take large payloads from 
the earth, large powers are required—orders of magnitude in some 
cases above that of submarine nuclear reactors. 

The Cuarrman. You would require more power to take a payload 
from the earth than you would to operate a submarine ? 

Mr. Newearp. Yes. Of course if you want to leave the earth with 
small payloads, it is conceivable you can have smaller powers. How- 
ever, the nuclear rocket has been shown to have great advantages 
only if used for ground takeoffs with large payloads. 

he CuarrmMan. So when you are building one of these large rockets 
you have to program for more power than you would have in one 
of our nuclear submarines ? 

Mr. Newearp. Yes. 

Mr. McDonovucu. You spoke about the maximum nuclear escape 
load would be 100,000 pounds. 

Mr. Newearp. Oh, no. It is conceivable to go higher. I just 
talked about a single-stage vehicle capable of launching a 100,000- 
pound payload with roughly 100,000 megawatts of power generated 
in the powerplant. 

Mr. McDonoveu. This is a mathematical calculation ? 

Mr. Newaarp. Yes. 

Mr. Bass. A megawatt is a million watts, isn’t it? 

Mr. Newaarp. Yes. The best description I can give you of the 
comparable power levels is that you might compare this with the 
Grand Coulee power system, which to my knowledge is of the order 
of 1,000 megawatts. 

Mr. McDonovueu. Well, presume we had one built that would 
elevate 100,000 pounds in space, what would the whole unit weigh? 

Mr. Newearp. In the order of millions of pounds. 

The Cuairman. The one you are talking about there to carry 
100,000 payload, you are making a comparison of the powerplant there 
with Grand Coulee. Correct ! 

Mr. Newearp. Oh, no; this powerplant is of the order of 100 times 
larger, in thermal power, than the hydroelectric power that one gets 
from the Grand Coulee system. 

The Cuamman. The thermal power in that rocket is much greater 
than the Grand Coulee? 

Mr. Newearp. Yes; for this particular mission. 

I have only discussed this one mission. There are other missions, 
for example, that one can carry out with smaller power units. Let 
me give you an example. 

You can carry approximately 100,000 pounds into space with a 
nuclear-rocket. powerplant, this rocket being boosted by a chemical 
first stage. Under these conditions the nuclear second-stage power- 
plant is in the order of 10,000 megawatts. 

However, many different problems are now introduced. One, for 
example, is how to start up or bring to full power operation this 
nuclear powerplant while it is being boosted up by its chemical! booster, 

Mr. CuenowerH. How much more power an Grand Coulee would 
you have to have? 
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Mr. Newearp. Roughly a factor of 10 in power from a cylinder 
reactor core approximately 5 feet in length and 5 feet in diameter. 

Mr. Cuenowern. Ten times the power 

Mr. Newearp. Yes; for the particular mission I just mentioned. 
The reactor system can be designed very Ach ig so that we can 
obtain as much power per given weight or volume as possible from 

The CuarmrMAn. Tell me this: Our technical director is making a 
comparison with the V-2. How much power did the V-2 generate, 
urn out ? 

Mr. Newearp. About 150,000 horsepower, which would be roughly 
150 megawatts. 

The Cuarrman. About 150 megawatts. 

Mr. Newaarp. Yes. 

The Cuarrman. Is that the size of the Hoover Dam? Would you 
say it would be that large ? 

r. Newearp. I don’t know. I could give you the thrust levels we 
are talking about. The thrust of the V—2 was about 50,000 pounds, 
whereas for some of the missions mentioned we are dealing in the 
order of millions of pounds of thrust for the nuclear vehicles. 

When you want to use a nuclear rocket in space, your thrust can 
be much less. 

The CuamrMan. Of course, you have got the use of nuclear energy 
which is very much concentrated. 

Mr. Newearp. This is one of the very great advantages in using 
nuclear energy, that you can get such tremendous powers from com- 
pact systems. 

The CuatrMan. In small areas. 

Mr. Newearp. Small volumes. 

I have indicated some of the advantages and problems that are in- 
volved in nuclear propulsion. We have elaborated these in our papers 
which we have given you. I will turn over the floor to Mr. Reinhardt, 
who will proceed with his part of the presentation. 

The Cuarrman. All right, Mr. Reinhardt, we will be very glad to 
hear from you. Before Mr. Reinhardt begins, Mr. Fulton would like 
to ask you a question, sir. 

Mr. Fuuron. The one comes up on the use of nuclear power in 
rockets, whether you have done any experimenting on synthesizing or 
changing molecular structure, for example, by the use of the heat. 
The sun, of course, is a nuclear pile and it is changing hydrogen and 
helium by four hydrogen atoms to one helium, a 4-to-1 ratio. Have 
you done anything on the chemical approach right within your rocket 
of making energy on some such a change of molecular structure 
chemically? Have you tried anything like that ? 

Mr. Newearp. No; not in the systems I have discussed today. 

Mr. Futron. Has there been any research on the chemistry at all on, 
say, certain chemical compounds that are contained so that you make 
your energy right within the vehicle without an exhaust? Have you 
tried by chemical structure change to come up with energy as we get 
in the sun ¢ 
_ Mr. Newearp. Actually a combustion process in the ordinary rocket 
isastructural change. It isa reaction that occurs between an oxidizer 
and a fuel. But the release there is only an energy release from the 
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breaking and rearranging of chemical bonds. This represents but a 
small fraction of what one can get from a fission reaction. 

Mr. Furron. First you have the oxidizing fuels, then you have the 
hypergolic fuels. Then I am talking a stage ae sie that and saying 
in this nuclear process, have you tried any of these advance changes 
on nuclear processes to change a molecular structure? Have you ever 
tried that? Is there any research being done on it / 

Mr. Newearp. Do you mean changing chemical substances by using 
nuclear energy 

Mr. Futron. That is right; in the rocket. 

Mr. Newearp. No; we have not done any work on that. 

Mr. Fuuton. It would be a fruitful field of basic research, 

Mr. Newearp. There is a substantial amount of research underway 
now in which one tries to use the radiations accompanying or follow- 
ing nuclear fission such as neutrons and gamma radiation, in order to 
change the structure of chemicals. But whether the synthesis of 
higher energy chemical compounds will result in something that is 
much higher than energy sources presently being synthesized by 
ordinary means in the laboratory, I very much doubt. 

Mr. Fuuron. The question is: Has there been any research done in 
that particular field? That is the specific one I am talking about. 

Mr. Newearp. I think there has, but I can’t be specific. 

Mr. Fuuron. If there has, would you put it in the record at this 

oint ? 
: May I ask something else. Would you comment, if you will 

Mr. Newearp. I can give you an answer to that earlier question of 

ours. A number of years ago we looked into the possibility of en- 
1ancing the energy of combustion of graphite by eh re graphite 
with neutrons and hence—in our terminology—storing energy in the 
graphite. Hence when this bombarded graphite is burned, it generates 
more energy than one would normally get by just burning unirradiated 
graphite. 

One can induce changes in energy content per gram upon burning 
of irradiated graphite which is between 20 to 40 percent greater than 
in burning unirradiated graphite. But the cost of putting this addi- 
tional energy into graphite is in the order of thousands of dollars 
a pound and hence is uneconomical. 

One would have to build special-purpose high-flux nuclear reactors 
loaded with graphite. 

However, you can get relatively small changes in the energy content 
of this particular substance by exposing it to neutron radiation. 

Mr. McDonoveu. Do you change the molecular structure of graph- 
ite when you bombard it with the neutrons ? 

Mr. Newearp. Yes; you do change it to the extent of disrupting 
carbon-carbon bonds. Part of the energy of the neutrons is spent 
in placing some of the carbon atoms in different positions in the lattice. 
Presumably when you now burn the graphite this additional energy 
which you have stored in the lattice now appears as additional com- 
bustion energy. 

Mr. Furron. The chairman and I have been very interested in a 
break-through on propellants looking to different designs and different 
combinations rather than just trying to improve the present. ones. 

Would you say this, that you think Russia has any superfuel that 
she has broken through on that we are not aware of that she might 
be using of this nature ? 
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Mr. Newearp. No, sir; I have no knowledge of that. 

Mr. Futron. So that they, too, are at the present limit of knowledge 
as we are on the present fuels ? 

Mr. Newearp. I believe so. 

The Cuarrman. May I ask you this question? I saw in the news- 
paper the other day the use of plain water for insulation for this 
nuclear reactor. Has there been much experimentation in that? 

Mr. Newearp. You mean shielding with water? 

The Cuairman. Yes. 

Mr. Newearp. This is well known in reactor technology. One does 
use water as a shield in certain stationary powerplants. 

The CuHarrMan. If you would use that in a rocket, would it reduce 
the weight ? 

Mr. Newearp. Probably not; because there are better and lighter 
shields than water. The rocket I discussed, for example, would con- 
tain a minimum of shielding, mostly about the important instrumenta- 
tion and payload—very little about the reactor itself. 

The CuarrmMan. Thank you very much, sir. Now we will hear 
from Mr. Reinhardt. 


STATEMENT OF WILLIAM J. REINHARDT, HEAD, TECHNICAL 
PLANNING SECTION, REACTION MOTORS DIVISION, THIOKOL 
CHEMICAL CO. 


Mr. Reryuarpr. We have given you quite a recitation on the prob- 
lems involved in developing a nuclear rocket. We still think that it 
should be done. Now | am going to try to show you as well as I can 
why we think this. 

You have heard a lot of discussion about the comparison of chem- 
ical and nuclear rockets. We have all thrown around factors of com- 
parison. Ithink Mr. Dixon used 3 to1,10tol,andsoon. I am going 
to put it in a slightly different form for a particular mission. 

The numbers I am about to quote now are not the only “right” num- 
bers that exist. ‘They are merely representative numbers. Iam goin 
to talk a little bit about the use of a nuclear rocket to make a ronal 
trip to Mars, starting from an Earth orbit. In other words, I am 
presuming that we get the nuclear rocket up into an earth orbit of 
about 200 or 300 miles by some other means—let us say chemical means. 
It is up there and it capable of going to Mars. 

The Cuarrman. Two or three hundred miles above the earth ? 

Mr. Remuarpr. That's right; yes, sir. 

Now, a chemical rocket is also capable of going to Mars from a 300- 
nile orbit, but I am going to show why this is not as desirable as trying 
it with a nuclear rocket. 

On this chart I have plotted the travel time to Mars versus the ratio 
of payload over initial gross weight. (See fig. 4, p. 174. 

he Cuarrman. Mr. Reinhardt, could you stand just a little on the 
other side so these members here can see you there? I believe standing 
on the other side that everybody will see you. 

Mr. Minirr. Isn’t that following page 16 of your statement ? 

Mr. Retnuarpr. Yes; that is figure 4, I think. 

This chart shows the ratio of payload to initial gross weight for the 
vehicle that makes the trip to Mars—starting from an earth orbit 
(satellite). This is not to be confused with the booster rockets used to 
get into orbit. 
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The chart shows a nuclear single-stage rocket and a chemical two- 
stage rocket. In this chart the nuclear is the red line and the chemica] 
is the green line. 

I have chosen round values of specific impulse, 800 seconds for the 
nuclear rocket and 400 seconds for the chemical rocket—just to round 
things off. 

The chart shows that if you specify that you want to make the trip 
to Mars in anything less than about: 5 months or so, you can’t do it 
even with a nuclear rocket and you certainly can’t do it with a chemical] 
rocket. If you allow a greater time period like, let us say, 8 months 
then the nuclear rocket can do it and roughly one-tenth of the vehicle 
weight will be real payload. 

In the same trip time of 8 months the chemical rocket still cannot 
make the trip. 

If we specify a longer period of time like 12 months or so, both 
vehicles theoretically can make the trip, but the payload of the 
ee, rocket is roughly 214 to 3 times that of the chemical rocket 
payload. 

n other words, if we specify a certain payload, let us say 30,000 
pounds, and a trip time of 12 months, with a nuclear rocket we must 
put 100,000 pounds into orbit. For the corresponding chemical 
rocket we must put up into orbit roughly 200,000 pounds. 

Let me digress for a moment and give you some idea of the cost 
of getting that kind of weight into a 300-mile orbit. Let’s assume 
it will cost $600 to place a pound of payload in orbit. I don’t mean 
to imply that this $600 is a “real” figure which I can prove or which 
ean be disproved by anybody else, I simply chose to assume it for 
illustrative purposes only. 

We are talking here about putting up a weight of 100,000 pounds 
for “ang nuclear rocket, and 200,000 pounds into orbit for the chemical 
rocket. 

Coming back to this figure of $600 per pound, to give you some 
feel for what it means, we are talking now in this country about 
putting into orbit values for weights of something in the neighbor- 

ood of 35,000 pounds. To do that with my $600 per pound figure 
will cost $21 million. If you do 10 such shots per year, it will cost 
$210 million, or roughly a fifth of a billion dollars. That is a lot of 
money. 

Mr. Futon. Did you say $21 million? 

Mr. Reryuaror. I said $21 million for each shot. 

The CuarrMan. Ten shots would be $2.1 billion. 

Mr. Rernuarpr. $210 million. I didn’t say $2 billion. 

The Caiman. $210 million for 10 shots. 

Mr. Rerwuarpr. Yes. I just used those numbers to give you some 
idea of what we are talking about in terms of dollars. I showed you 
that to do a Mars mission with a nuclear rocket you have to put up 
roughly one-half or one-third of the weight that you must put up 
into orbit if you use a chemical rocket. 

The Cuarrman. So your chemical rockets there would run really, 
instead of $210 million to handle the same payload, would run $420 
million to $640 million; isn’t that right, in 214 to 1? 

Mr. Rernnarpr. There is roughly a 214-to-1, or 3-to-1, advantage 
for the nuclear rocket I should add that in this example I chose a 
conservative nuclear rocket, or one which is relatively unsophisticated, 
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if you will. It has roughly a 2-to-1 advantage over the chemical 
ket. 

The cost of placing both the nuclear- and chemical-powered Mars 

yehicle in orbit will be discussed next. 

On this next chart (fig. 5, see p. 175) in your writeup, I show that 
in order to get the 30,000-pound Mars payload into orbit we are 
talking about figures of something like $120 million for the chemical 
rocket and something in the order of $60 million for the nuclear space 
vehicle. It should be noted that these are just the costs for getting 
the actual 30,000-pound Mars payload and the space vehicles into 
orbit. 

So just before we start our trip to Mars—from an orbit around 
the Earth—we have a cost differential of something like 2 to 1 and 
with my assumed valuation of $600 per pound, it 1s something like 
$60 million or so. 

Now, in order to say with finality that the nuclear rocket is better 
than the chemical rocket, I should be able to tell you what this 
vehicle will cost—that is, the vehicle that takes us from an Earth 
orbit to Mars and back. I can’t do it now. 

The reason is that there just is not enough engineering data to make 
any kind of cost prediction which would make sense. 

That is all I have to say about the application. We could talk 
about a lot of other missions but that won’t be necessary because the 
one I have chosen is a typical one and I think a good one. 

Finally, I will conclude by saying we at Thiokol think the nuclear 
rocket should be pursued in an industrial development program, with 
somewhat more speed than we have on it right now. 

Mr. McDonoven. Your point is that a nuclear rocket is more eco- 
nomical insofar as long interplanetary missions are concerned than 
the chemical rocket ? 

Mr. Rernuarpr. I have to qualify that, sir. I do say that to get 
the nuclear rocket to the starting place, to the place where it would 
begin a space voyage, is definitely cheaper. What the final overall 
cost is, I can’t say at this time because I have no way of logically esti- 
mating the cost of the nuclear vehicle that would actually make the 
trip from an Earth orbit to Mars. There is just not enough engi- 
neering data to do that. 

Mr. McDonoveu. From a practical point of view, how much prog- 
ress have we made on a nuclear rocket up to the present time? 

Mr. Rewuarpr. Mr. Dixon, I think, gave you a fairly good run- 
down on that. The chief effort is the research effort at the national 
laboratories right now, and some of the rocket companies are doing 
component work in support of that program. 

The Cuairman. Will the gentleman yield ? 

The tests that are going to be made—when is that, this summer ? 

Mr. Rernnarvr. Sometime this year. There will be a test this year 
and perhaps another one next year. A positive statement can’t be 
made about our progress until those tests are over. 

Mr. McDonovueu. Where will those tests be made ? 

Mr. Retnuarvr. In Nevada. 

The Cuatrman. Does your company have the brainpower, that is, 
the engineers and the scientists, which would be needed to pursue 
thenuclear program ? | , | 

Mr. Remnuarpr. Yes, sir. Like other companies, Thiokol does have 
manpower, qualified manpower, which it could put on this program. 
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The Cuarrman. You could divert them. They would be available 
to you? 

r. Rernuarpr. Yes, sir. 

The CHAIRMAN. And you think they have the ability and the back- 
ground sufficient to go ahead and produce a nuclear rocket ? 

Mr. Rernuarpr. Yes, sir. 

The Cuairman. If given the green light and enough money to do it? 

Mr. Rernuarpr. Yes, sir. 

The Cuarrman. How long do you think it would take to do it? 

Mr. Rernuarpr. I have to hedge a bit and say it would take some- 
where in the neighborhood of 4 to 8 years. I can’t be more specific 
than that. 

The Cuairman. Of course everybody knows yours is a guess there, 
You are estimating something that doesn’t exist. Mr. Chenoweth. 

Mr. Cuenowernu. I wanted to ask if there is any immediate mili- 
tary application that you can use the nuclear rocket for? 

Mr. Rernuarpr. No, sir. A nuclear rocket, per se, doesn’t have any 
worthwhile military application, from what we can see right now, 

Mr. CuEenowetu. It is no better than the chemical then ? 

Mr. Rernuarpr. That is right. 

The Cuarrman. What about the nuclear rocket in orbit? Would 
you say that had an advantage ? 

Mr. Rernnarpr. At this time I couldn't prove that it had an 
advantage. 

Mr. Cuenowetu. There is no military advantage if you are going 
to Mars on this kind of trip. I am talking about something we need 
right now. You don’t have anything at all, there has been nothing, 
no progress made ? 

Mr. Rernuarpt. No, sir. In general I think that immediate mili- 
tary requirements can be adequately handled with chemical systems. 

Mr. Cuenowetu. Is that going to take 4 to 8 years to develop some- 
thing like that in case you decided it would be wise 

Mr. Rernnarpr. You mean for military application ? 

Mr. Cuenowetu. Yes. 

Mr. Rernuarpr. If you ever saw a military application where it 
would do some good, it would take that long; yes. 

Mr. CuenowerH. You don’t think it has any possibilities at all? 

Mr. Rernuarpt. That is a pretty broad statement, but I'll go out on 
a limb and say that I don’t see any really worthwhile military appli- 
cations now. 

_Mr. Cuenowetu. Up to now, at least, you haven’t revealed any- 
thing, uncovered anything. 

That is all, Mr. Chairman. 

The Cuatrman. Let me correct something. One of the witnesses 
said something about the use of nuclear power for orbiting. That 
indicated an advantage. Who was it who referred to that? What 
about that ? 

Mr. Dixon. Whereby you would like to place a large payload in 
an orbit, the nuclear rocket, I think, can do it with a smaller sized 
rocket. We are talking in the order of hundreds of thousands of 
pounds that you would like to place in an orbit. 

The Cuarman. Of course it is a different type of proposition that 
you have in mind, isn’t it, where you would put the rocket in orbit 
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for a particular reason, and you feel like the nuclear powerplant would 
be more efficient ? 

Mr. Dixon. Yes; the nuclear rocket would be more efficient. One 

ossiblility where you would like to place maybe a half million pounds 
in a day orbit—that is, an orbit which rotates at the same rate the 
earth rotates, and a nuclear rocket would look very attractive from 
the point of view of the size and the weight to accomplish this mission. 

The CHarrMaANn. Mr. Fulton. 

Mr. Furron. The question comes up with your recommendation 
that there be a larger program for nuclear rockets and missiles; in 
what order of magnitude are you thinking? How much more money 
would you say and in what fields and in what period of time? If you 
would like to put that in the record later on, you can do it . 

Mr. Rernnarpr. The answer to that is it depends on many things. 

Mr. Fuuron. I will ask the witnesses who are here this morning to 

ut acomment in the record, rather than to go into it now. 

Mr. Rernuarpr. You would like that in the record afterward ¢ 

Mr. Furron. Afterward. Submit it for the record. 

The Carman. There were some questions along that line. I 
think one of the witnesses said, to push this program, they should have 
double the amount of money they have available for research and 
development. 

Mr. Furron. I have asked about the approach and also the timing. 

The Cuarrman. Anyway, if you could, we would appreciate your 
supplying that. 

(The material requested is as follows :) 


REACTION Morors Division, THIOKOL CHEMICAL CorP. 


I believe that the current nuclear rocket program could be augmented as 
follows: 


Million 
in budget, Tat years $10 
Areas:* 

1. Complete design study of flight system _.___________________ 4 
2. Initiate basic facility work (planning and initial procurement) _ 2 

3. Initiate fabrication and development of nonreactor components 
(e.g., controls, pressure vessel, nozzles, ete.) ....--___________ 2 
Overall increase in budget, 2d year____________ = a 50 


Sic. 


The Cuarrman. Any further questions? 

Mr. Dappario. Just one question. Mr. Dixon, when you mentioned 
in your talk that one of the problems is the contamination from radia- 
tion, and if we got this vehicle out into orbit and then used the nuclear 
powerplant there and then you would be in outer space, are you under 
the same problem of contaminating outer space and run into the same 
situation there, just transferring the problem from the earth’s 
atmosphere ? 

[understand there is a lot of space, but we expect eventually we will 

out there and there will be the same problem. 
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The reason I asked you: Isn’t this one of the —— that is holding 
back the whole nuclear development program really, in this area— 
what to do with radiation, what to do with the waste and all that type 
of thing? Psychologically, there seems to be a barrier as a result of 
this particular type of problem. 

Mr. Newearp. As far as putting radioactive material in space, there 
are, at least in the further reaches of space, very recently discovered 
radiation belts, and I doubt that nuclear contamination would mean 
anything in these particular regions. 

pose ne could contaminate a very minute area in space if you 
are talking about an orbiting nuclear vehicle, which, for example, will 
use power to move from orbit to orbit. But that would be such a 
minute fraction that I don’t think it could cause you any difficulty in 
the future. 

Mr. Dapparto. We are talking about one vehicle which will even- 
tually lead to many, many others and eventually 

Mr. Newearp. The volume of space is so huge that I imagine you 
oot contaminate it even by sending hundreds and hundreds of ve- 

icles. 

Mr. Dapparto. My question gets to the point of contamination gen- 
erally. Do you think that there is a peychological barrier because of 
the fear that there is now existing about the radiation problem ? 

Mr. Newearp. If the radiation is pretty much confined to a specific 
drea, areas for the tests of these vehicles and their actual firing, is 
pretty much confined, if we are now talking about a nuclear rocket 
which is fired from the earth, it can be much less than that of the 
kind of contamination that we throw into the atmosphere every time 
we fire a bomb. 

Let me give you an example. We have done some calculations and 
have shown that the fraction of fission products which you would 
throw into such a site if you corroded 1 percent of nuclear rocket core 
which is to carry up a large payload into space would only be a few 
percent of the kind of contamination you would get if you fired a 
conventional type of atomic bomb. 

Mr. Dapparto. Then if you proceed with this program, enlarge it, 
and get to the point where you could do the research and development, 
then the danger of radiation is very, very small in this proportion 
which you have just illustrated. 

Mr. Newearp. I believe it would be small, barring, say, a major ac- 
cident, a major release. It is conceivable that a nuclear rocket can, 
as Mr. Dixon indicated, melt down and this would release fission prod- 
ucts in an area. 

But barring such a major release, it is believed that the contamina- 
tion problem will be small. 

Mr. Dapparto. Barring that type of catastrophe, then, you feel that 
this kind of program could go as and could proceed with dispatch 
and with safety 

Mr. Newearp. I believe so. 
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(The prepared statement of Mr. Reinhardt, Mr. Newgard, and Mr. 
Levoy is as follows :) 


PREPARED STATEMENT OF W, J. REINHARDT, CHIEF TECHNICAL PLANNING ENGI- 
NEER; J. J. NEWGARD, PROJECT ENGINEER, NUCLEAR PROPULSION ; AND MYRON 
Levoy, ProJECT ENGINEER, NUCLEAR PROPULSION, THIOKOL CHEMICAL Corp. 


HEAT TRANSFER—NUCLEAR ROCKETS FOR SPACE FLIGHT 
I. INTRODUCTION 


A nuclear heat transfer rocket is one in which the energy source and ejected 
“working fluid” are separate entities. It will be recalled from earlier presenta- 
tions that in a chemical rocket both the energy source and working fluid are 
provided by the same entity, namely, the propellants. It is the separation of 
energy source and working fluid which gives the nuclear rocket its unique 
performance characteristics. 

The chief performance characteristic in rocket propulsion is specific impulse. 
The weight of the propulsion hardware is also significant, but in many applica- 
tions of both chemical and nuclear propulsion, specific impulse is the dominant 
performance characteristic. 

Specific impulse can be defined in a variety of ways. The most common 
definition being: 

__ Thrust (lbs.) 


Specific impulse Working fluid flow rate (lbs./sec.) 


However, another definition, namely 
__ Working fluid/exit velocity (ft./sec.) 
Specific impul Gravitational constant (g—ft./sec.) 


is more revealing, in that it shows that specific impulse is simply a 
measure of the working fluid velocity and hence kinetic energy. 

Still another set of mathematical manipulations shows that specific impulse 
is proportional to the square root of working fluid temperature and inversely 
proportional to the square root of working fluid molecular weight or 


Temperature (° R.) 
Molecular weight (1b./mo.) 


This equation shows us that in order to attain higher values of specific im- 
pulse, we must raise the temperature and/or decrease the molecular weight. 

In chemical rockets the combustion temperature and molecular weight of 
the working fluid are intimately tied together by the chemistry of the com- 
bustion process. Maximum attainable temperatures run as high at 8,000° F., 
and the minimum practical values of molecular weight is around 9. These two 
values do not necessarily occur in the same combination. In essence, the 
restrictions of molecular weight and combustion temperature confine the chemical 
rocket to a8 maximum specific impulse of about 450 seconds. 

In the nuclear rocket where energy is not obtained from a combustion process, 
the molecular weight is no longer a function of the energy production process. 
Hence a lightweight fluid can be used. In fact, the lightest fluid known, namely, 
hydrogen, with a molecular weight of 2, can be used. 

In order to utilize such fluids we need to substitute a reactor for the usual 
chemical combustion chamber, as shown in the right of figure 1. 

(Fig. 1 is as follows:) 
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Chemical and nuclear rocket simplified diagrams show the substitution of a 
reactor for the chemical combustion chamber. 


SPACE PROPULSION 167 


In such a scheme, hydrogen stored at about —420° F. in the tanks is pumped 
to a high pressure and forced between the fuel elements of the reactor. The 
heated gas then expands through the nozzle, just as it does in the chemical 
rocket. The basic difference lies in the use of the self-contained, heat-generating 
unit, the nuclear reactor, in the “combustion chamber.” 

We have seen that the nuclear rocket can use very light working fluids, thus 
freeing it from one of the restrictions on chemical rockets. Now what about 
the other important element, e.g., temperature? 

The attainable gas temperature, of course, depends on the temperature of 
the fuel elements. The precise maximum fuel elements temperatures cannot 
be stated at this time because it depends on the materials which we can use. 
Since these materials are still being investigated on a research basis, no firm 
temperature figure can be stated. However, even if we can only produce gas 
temperatures of 4,000° F., we will have doubled the attainable specific impulse 
of chemical rockets. 

In the balance of this discussion, a detailed description of a typical nuclear 
yehicle will be given and the development problems will be discussed. Later 
on, typical applications will be discussed along with the advantages accruing 
from use of a nuclear rocket. Finally, a few recommendations will be presented. 


II. DETAILS AND DEVELOPMENT PROBLEMS 


A. Description of typical vehicle 


A typical nuclear rocket vehicle is shown in figure 2. 
(Fig. 2 follows.) 
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FIGURE 2 
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Schematic diagram of a nuclear rocket. 
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Liquid hydrogen is stored in insulated tanks equipped with “blowoff” valves 
that relieve excessive pressure. Pressurized helium replaces hydrogen as it is 
drawn off to propellant turbopump. 

Hydrogen at high pressure (10° p.s.i.a.) flows from pump through ducts to 
exit end of rocket nozzle, where it is used to cool nozzle and reactor chamber 
walls before entering plenum. 

Most of hydrogen then flows down through reactor and out DeLaval nozzle 
at 4,000 F. Small amount of hydrogen is diverted at plenum to cool reflector 
and structural columns. Gas leaving reflector at 1,500 F. and 350 p.s.i.a. is used 
to drive turbine of turbopump. Bypass valve affords turbine control. Turbine 
exhaust gas is expelled through thrust-recovery auxiliary nozzles. 

The above nuclear rocket is most useful as a first- or second-stage booster to 
earry larger payloads into orbit or space. 


B. Reactor type 


The reactor which we would choose for early development is an open-cycle, 
solid-fuel-core type. Much experience has already been accumulated with 
solid-fuel elements developed for reactors for stationary powerplant application. 

A simple heat exchanger application of this core is envisioned in which the 
propellant is heated to high temperature as in an ordinary reactor. Although 
such a reactor scheme appears unimaginative, it is one that we have confidence 
we can build today. 

The considerations of low-weight reactor cores capable of operating at the 
yery highest temperatures compatible with sound structure and at reasonable 
fissionable material loadings, leads to the choice of low-molecular-weight ceramics 
or ceramiclike material such as graphite. 

In terms of high-temperature strength, resistance to Hz and neutron absorption, 
graphite seems to be the best of these materials for temperature of 4,000° F. and 
5,000° F. Lower thermal stresses occur in graphite than in other ceramics. In 
addition, graphite’s thermal conductivity is quite good compared with other 
ceramics, permitting higher exit gas temperatures for a given fuel-element 
thickness or diameter. 

Graphite systems of small size, suitably reflected, can be constructed which are 
essentially thermal, Such systems can be designed reasonably small with large 
amounts of excess reactivity required to compensate for certain operating con- 
tingencies, such as losses of core material, changes in propellant density, ete. 

Low-molecular-weight propellant gas (which serves as reactor coolant) makes 
the choice of H, inevitable if any appreciable specific impulse increase over the 
best chemical systems is to be attained. For example, use of CH, NH:, or He 
would give approximately half the specific impulse of a Hz nuclear rocket oper- 
ating at the same temperature. 

The reactor core design is governed by the mission to be performed, at maximum 
heat transfer and fluid flow consistent with a structurally stable system. For a 
solid-core nuclear rocket reactor with definite temperature limitations (e.g., 
graphite limited to about 5,000° F.), maximum specific impulses of the order of 
800 can be obtained. This is an improvement of about 100 percent over the 
best chemical systems. 


C. Fuel element design 


Developing a satisfactory fuel element is first on the list of problems. One 
starts with one of the high-temperature materials, such as graphite, as com- 
bination moderator and matrix for the uranium fuel. Then it is necessary to 
fabricate this mixture into shapes rugged enough to withstand violent thermal 
and mechanical stresses and yet thin enough to minimize thermal gradients and 
provide adequate surface area. Some possible fuel element shapes are shown 
in figure 3. With other things equal, the design with the smallest pressure drop 
is preferred. 

(Fig. 3 follows.) 
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FIGURE 3 
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Comparison of Several Core Element Configurations. 


Pressure drop through core normalised 


Core Element Configuration to 1,0 for best configuration, 
Raschig rings 78 
Spherical pellets 67 
Stacked vertical wire screens - 51 
Staggered wires, crose flow 41 


Corrugated sandwiches or 


flat plates 
Staggered wires, parallel flow ~ 1.0 excluding spacers 
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It was found that rod elements and parallel flat plates arranged in bundles 
gave lowest pressure drops under the severe operating conditions of the core. 
Flat plates were found to be superior to rods because of the simpler spacer 
arrangement and less flow blockage due to the spacers. 


D. Reactor core design 


Because of security restrictions, only the most general features of a nuclear 
rocket are described. A cylindrical solid-fuel-element reactor illustrates all the 
pasic features of a nuclear powerplant for rocket propulsion. The reactor core 
might consist of a large number of parallel plate fuel elements which may be 
made of uranium-loaded graphite. ; 

Plates may be unclad or may utilize a coating, depending on erosion and cor- 
rosion considerations. The plates are stacked together in bundles and are sepa- 
rated by small cylindrical protrusions or buttons on the surface of the plates. 
The plates may be bound together in the bundle by drawn tungsten or molybdenum 
wire, banding each bundle at several points. 

This metal must be held to a minimum. Stress analysis of the bundle has 
indicated that under design conditions it would remain integral. The fuel bundles 
may be further held in position by means of graphite cross braces and lateral 
supports. The matrix would transfer the pressure-drop load to metallic tubular 
tension columns (which are supported from the cold end and run the length of 
the core) and to the rocket outer wall. 

The tension columns would be cooled with liquid hydrogen flowing internally 
and would be made of a high-temperature metal like molybdenum. The total 
amount of such material would have to be kept small for a reasonable critical 
mass, 

The plate element thickness is limited by thermal stress considerations. 
(Stress relief resulting from plastic flow may permit thicker elements.) The 
thickness of the element is constant within a given bundle, but varies from bundle 
to bundle in the axial direction. 

A simple design would utilize a constant void fraction through the core. (Void 
fraction=flow area/total area.) This results in a rapidly increasing pressure 
drop as the gas approaches the hot end of the reactor, particularly at low values 
of void fraction. The increase in pressure drop is almost exponential. 

A more complex design might utilize a variable void fraction through the core 
(higher void fraction at the hot end, lower at the cold end). Such variation 
would reduce the overall pressure drop across the core without introducing much 
additional fabrication difficulty. Also, a saving in core structural weight might 
be effected due to lower coolant drag forces on the structures. 

The design at each point through a typical graphite reactor is limited by three 
considerations: (1) Maximum allowable graphite plate temperature must be 
below about 5,000° F.; (2) the thermal stress in the plate may not exceed the 
allowable stress; (3) the minimum plate thickness must be held to some rea- 
sonable level, perhaps 30 mils, from fabrication and rigidity considerations. 


E. Reactor control design 


In the scheme of reactor control that we visualize, the reflector would act 
as a variable source of thermal neutrons controlled by reflector changes. Large 
reactivity changes can then be effected by reflector motion to be made avail- 
able as required during powerplant operation. 

The difficulties in utilizing core-inserted poison control rods also leads to 
our adoption of reflector control. Also, core rods lead to more difficult cooling 
problems than reflector drums. They must be vertically removed and inserted, 
tending to make the overall system less compact. They must operate in a high- 
temperature region subject to some destruction. This may lead to control rod 
channel blockage. In addition, core rods occupy valuable volume which might 
otherwise be occupied by fuel elements. 

The control of the nuclear reactor is accomplished by means of stainless-steel 
control plates containing boron, stationed around the reactor core within the 
BeO reflector. The plates are curved portions of right cylinders. The plates 
must be cooled due to the heating accompanying capture of neutrons by the 
boron and consequent a-particle emission. Each plate is completely ja -keted by 
a metallic shroud which is tacked to the plate giving it added stiffness in 
bending. 

The BeO reflector blocks are machined to take the control plate assemblies. 
The plates drop into curved slots in the assembled BeO blocks. A plate passes 
through all the BeO blocks to the lowest one, where the bottom of the plate rides 
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in a bearing race. Control is achieved by means of a mechanical drive system 
geared to the shaft. 

When the plate faces in toward the reactor core, the BeO reflector is cut off 
from the core neutrons in part by the borated surface. As the plate is rotated 
out, more fast and slow neutrons can enter the reflector. Some slowing down 
occurs there and most of these neutrons are returned or reflected to the core, 
Hence, the power level of the reactor may be controlled by the movement of 


these plates. 


F. Some dynamic operating considerations 

A suitable safe reactor period must be chosen by an optimum manipulation 
of the control plates. Fluid flow rates will gradually increase as temperatures 
of the core increase consistent with structural stability, until at criticality the 
final steady-state temperature through the core is established. 

Power increase to required operating level can now occur by increasing the 
fluid flow rate. This must be done rapidly to avoid propellant waste. The re- 
actor will have to be carefully coupled with the control of turbopump and valves. 
It is felt that considerable experience will have to be gained before fast safe 
startups will become practical. 

During power operation (perhaps sooner) various reactivity changes wil] 
occur due to changes in the material composition of the vore. The following 
reactor core changes were considered as possible : : 

(1) Reactivity change due to change in hydrogen density in the core void 
volume. 

(2) Uniform decrease in the solid volume of the core (including both fuel and 
moderator) due to corrosion or erosion of the system. 

(3) Nonuniform decrease due to destruction of a plate or bundle in the core 
matrix and its consequent discharge out of the core by the propellant gases. 

A large positive reactivity change is associated with even small changes in 
the hydrogen density in a core of small size. Control of small density fluctua- 
tions will pose severe problems since this control is also important in burnout 
considerations. At present it is felt that reflector control provides enough excess 
reactivity to compensate for core destruction during operation if this destruction 
is less than 20 percent of the core volume. 


G. Hazards 

The propellant choice, itself, presents a problem. While hydrogen is desirable 
from a rocket performance viewpoint, the cryogenic difficulties are considerable. 
Logistics may demand a propellant which is easily transported, stored, and 
transferred to the rocket tanks. Fire hazard with hydrogen can be a problem. 

Hot hydrogen, exhausted from the rocket during a ground takeoff, might burn 
or be explosive, depending on the overall composition and temperature of the 
hydrogen-ambient air system. It is possible that a hydrogen production plant 
would have to be located at the rocket-launching site to alleviate problems of 
hydrogen transportation and storage. 

Because of the relatively short-thrust lifetime, problems of shielding and 
radiation damage at full power, as well as the afterheat removal problem, are 
less severe than in conventional reactors. Under these conditions it is expected 
that burnup and neutron damage to reactor structure will be slight. 

Shielding of sensitive components or personnel will be an important considera- 
tion. Lower dosages at the payload can be achieved at the cost of an increase 
in shield weight. 

The principal radiation ground takeoff hazard problem in graphite reactors 
seems to be due to corrosion and erosion of the graphite core structure and some 
core destruction. Coatings may be developed to prevent corrosion-erosion to 
some extent. Corrosion and erosion probably will occur during all reactor- 
operating regimes and will be severe during high-power, high-temperature 
operation. 

Unless the nuclear rocket can be placed in orbit before reactor power operation, 
the same hazard problems will have to be faced. For example, it is conceivable 
that a second or a higher stage nuclear rocket boosted off the ground to avoid 
ground hazard problems and started in space can fail and fall back to earth. 
The only certain way to avoid this seems to be to place the nuclear vehicle in 
a safe orbit before startup. An orbital startup, or for that matter any space 
nuclear rocket startup to power operation, then poses a whole new array of 
problems. 
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III. APPLICATIONS 


Having heard our recitation of the development problems, you may be asking 
the question, “Why bother?” and you may be saying to yourself, “All that work 
only to double the specific impulse—not worth the effort.” 

In addition, you may be inclined to dismiss the nuclear rocket on the grounds 
that the improvement offered does not compare with the improvement obtained 
in the development of the A-bomb. ; 

Before you start such a train of thought, we would like to point out a few 
of the facts of life connected with space propulsion. Specifically, we'd like to 
talk a little about the cost of the space business and the feasibility of some of 
our missions. 

Now, heretofore, propulsion systems have been compared largely on the basis 
of weight, size, and reliability. These parameters offer impressive comparisons, 
but in our opinion they tell only half the story. We believe that weight, size, 
and reliability are important, but principally as means to an end. 

The most significant end product of these parametric studies, from a national 
viewpoint, are cost and in some instances feasibility. If we rely solely on 
current chemical propulsion schemes, some missions become prohibitively ex- 
pensive, or physically unfeasible because of either sheer size or excessive cost. 

In order to illustrate these points, we need to do a little arithmetic. In order 
to get some fuel for the problem, let’s assume that the cost of placing a pound 
of payload in a 300-mile orbit is $600. At this point, we want to emphasize that 
this is a figure assumed for illustrative purposes only. 

It can be moved around quite a bit, depending on the technical approach. 
We now talk seriously about orbital payloads of 35,000 pounds. Coupling these 
two figures, we see that to get one such payload in orbit with current propulsion 
systems, we must spend $21 million. We don’t know how many 35,600-pound 
payloads we'll want to put in orbit in 1 year, but we would not be surprised 
if we wound up putting up, say, 10 per year. 

If it turns out to be 10 per year, we can expect a yearly expenditure of $0.21 
billion. We think this is about 0.5 percent of our current defense budget. 

Now, if you think that placing ten 35,000-pound payloads in orbit per year 
is too ambitious, remember that 3 years ago we talked about a few 20-pound 
payloads and we are now preparing Project Mercury with a 2,000-pound pay- 
load. That represents a hundredfold increase in ambition. Since a 35,000- 
pound payload is only 1.7 times as great as our current plan for Mercury (Man 
in Space), it doesn’t seem too unreasonable. 

If we have to put up 100 per year instead of 10, the total cost is about $2.1 
billion, or 5 percent of the defense budget. Then the project may become 
unfeasible. 

In considering the foregoing figures, bear in mind that they were given in 
connection with a 300-mile orbit. For interplanetary travel, the 300-mile orbit 
is just the first step. 

Now let’s consider what can be done about such costs and how the nuelear 
rocket might fit in. However, before proceeding let us demonstrate the import- 
ance of improved specific impulse in connection with cost. 

We used an assumed reference figure of $600 per pound with current propel- 
lants. If we substitute a high-energy combination in just the top stage, thus 
improving the top-stage specific impulse by about 150 seconds, we can cut the 
cost of a pound of payload to $480. Then 10 shots per year costs only $0.17 billion, 
and 100 shots per year costs $1.7 billion. These figures are approximately 
80 percent of the original figures based on current propellants. From these 
figures we see that even 150 seconds’ improvement pays big dividends. 

Now, where does the nuclear rocket fit in, remembering that its specific 
impulse is about 400 seconds greater than the advanced chemical propellants? 
Well, first it can be used to get from an orbit around the earth to any other 
planet. Secondly, it can be used on top of one or more chemical stages to get 
into orbit. Thirdly, it can be used as a booster to get off the earth’s surface. 

Let’s consider the mission in which the nuclear rocket is used to get from an 
earth orbit to another planet. Figure 4 shows the payload-to-gross-weight 
ratio for such vehicles designed for a trip to Mars. 

(Fig. 4 follows.) 
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Figure 4 
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The figure shows that if we specify a trip time of less than 5 months, then 
neither the nuclear or chemical rocket shown can make the trip. It also shows 
that for trip times between 5 and 8 months, of the two rockets shown, only the 
nuclear vehicle can make the trip. 

Beyond 8 months, both vehicles can make the trip, but the nuclear rocket can 
carry more payload. The percentage advantage of the nuclear rocket over the 
chemical rocket shown is highest at 8 months and decreases to about 244 to 1 
at about 16 months. The cross illustrates a relatively conservative nuclear 
rocket which can carry twice as much payload as the chemical rocket for the 
same gross vehicle weight and trip time. 

From the figure we see that if we specify a trip time of 12 months, roughly 
30 percent of the nuclear vehicle is payload, while only 15 percent of the chemi- 
cal vehicle is payload. Hence, if we wish to send a 30,000-pound payload to 
Mars, we must put in orbit a 100,000-pound nuclear vehicle or a 200,000-pound 
chemical vehicle. 
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Referring again to our assumed figure of $600 per pound of orbital payload, 
we see that it will cost $60 million to get the nuclear-powered vehicle in orbit 
and $120 million for the chemical vehicle. This represents a 50-percent reduc- 
tion in the cost of getting into orbit with our 30,000-pound Mars payload. This 
is shown in figure 5. 
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Now this is not the whole story. We should proceed to estimate the cost of 
the space vehicles themselves. Unfortunately, we cannot make a meaningful 
comparison because the ultimate cost of the nuclear rocket cannot be predicted 
with accuracy. An accurate cost estimate must be delayed until such time as 
we have more engineering data available. 

It should be noted that, had we specified a shorter trip time, both approaches 
would be more expensive: but the advantage of the nuclear vehicle over the 
chemical vehicle would have increased. 

In considering the foregoing comments, it is important to bear in mind that 
the cost estimates are very crude and that the chemical rocket is in a much 
higher state of development. The uncertainty about the nuclear rocket per- 
formance is directly due to the lack of truly applicable engineering test data. 

As mentioned earlier, the nuclear rocket may also be used to place a pay- 
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load in orbit around the earth either in a single- or multi-stage vehicle. When 
used in a multistage vehicle, the booster may be a chemical rocket. In any such 
application, a significant reduction in vehicle weight will result. However, the 
possibility of reactor failure poses a significant hazard problem. Again there 
is not sufficient engineering data to evaluate solution to these problems. 


IV. RECOMMENDATIONS 


We have shown that for a typical mission, the cost of gett:ng the space vehicle 
into orbit can be drastically reduced by the use of a nuclear propulsion in the 
space vehicle itself. This conclusion is based on very conservative cost figures 
for the propulsion into orbit. 

We have stated that the cost of the nuclear space vehicle itself cannot be 
accurately predicted at this time. The cost of the nuclear space vehicle itself 
will probably be higher than that of the equivalent chemical unit. However, 
this may be largely offset by the reduction in the cost of getting into orbit. At 
this time we don’t know to what extent this will be true because of a lack of 
practical engineering data. 

It is therefore recommended that our efforts to acquire this data be stepped 
up by the initiation of an industrial program aimed at a usable test vehicle. 
The eurrent research program in the National Laboratories should be continued 
in order to supply the necessary research type information. However, this 
should not be considered a substitute for the recommended engineering program 
which could be carried out by industry now. 


[Reprinted from Nucleonics, July 1958, vol. 16, No. 7, pp. 66—68, copyright 1958, MeGraw- 
Hil] Publishing Co., New York, N.Y.] 


RocKET-REACTOR DESIGN 


By Myron M. Levoy and John J. Newgard, Reaction Motors Division, Thiokol 
Chemical Corp., Denville, N.J. 


Reactors for rocket propulsion will need to operate at power densities much 
higher than those of conventional “earthbound” power reactors. For example, 
as shown in the table (p. 177), one is trying to extract 100 times more power from 
a core that is more than 30 times smaller than Calder Hall. Correspondingly 
the operating temperatures will be much higher—~4,000° F., typically. Such a 
goal must seem completely fantastic to those acquainted with the very serious 
design problems involved in improving the performance of a reactor like Calder 
Hail a modest 10-20 percent. 

However, although no one claims that the development of these reactors will 
be easy, there are extenuating factors. A very important consideration is the 
short operating life of the rocket reactor. While Calder Hall is expected to run 
without failures at full power for a period of years, the rocket reactor has to run 
at full power for periods of only a few minutes. 
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Design Figures for a Nuclear Rocket Reactor 


Calder Hall Nuclear Rocket* 
Total power [Mw(th)] 182 5 X 10-5 x 104 
Core shape and dimensions. cylinder right cylinder 

diam: 31 ft diam: 4-8 ft 

length: 21 ft length: 4-8 ft 
Core power density (kw/ft*) 11.5 5 x 108 
Mean core temperature (° F) 461 7~~2,000 
Coolant Co; H, 
Coolant flow rate (Ib/sec) 1,964 500-4,000 
Coolant temperature rise (° F) 353 ~4,500 
Coolant pressure drop through core (psi) 6 ~1,000 
Core lifetime fuel: ~4 yr 

structure: ~20 yr 2-15 min 


* Total thrust 4 to 30 X10° lb, specific impulse ~750 sec. 


This means rates of structural creep and corrosion and erosion of core 
materials that would be prohibitive in a conventional reactor could be tolerated 
in a rocket. Reactivity loss due to burnup and fission-product poisons would 
be insignificant so that any available excess reactivity could be used to com- 
pensate for the nuclear effects of corrosion-erosion. 

Also the designer of a nuclear rocket reactor can afford to be much less finicky 
about how much radioactivity the reactor releases (as compared with ordinary 
power reactors). 

Since a nuclear rocket could be fired from an isolated site and would spend 
most of its operating life far above the atmosphere, a certain amount of radio- 
activity release could be accepted as a standard operating condition. (From a 
worldwide viewpoint, any contamination would be negligible. At burnout the 
core of a reasonably sized rocket reactor would contain in total less than a 
few percent of the fission products released by a 20-kiloton atomic bomb. Since 
even under the worst conditions only a small fraction of these products would 
actually escape, the total contamination should be insignificant compared with an 
atomic bomb.) 

Insofar as the performance of ordinary reactors is limited more by considera- 


tions of safety than by the possibility of gross structural failure, this gives 
nuclear rockets additional edge. 


REACTOR TYPE 


For the first attempt at building a working nuclear rocket, a straightforward 
solid-fuel-element reactor design (see fig. 1) in which H: gas is heated as the 
propellant (much like the coolant in an ordinary reactor) seems the wisest 
choice. 

Although such a scheme appears unimaginative when compared with other 
possibilities, it is one that we have confidence that we can build today. 

The first step is to decide what available materials have the desired nuclear 
properties and also have a chance of standing up under the extreme operating 
conditions of high temperature, high gas flow and high acceleration loads. 

If we think in terms of a thermal or epithermal reactor system, then choice of 
core materials is limited to ceramics such as graphite, BeO, and carbides, which 
are good moderators, and to a few good moderating metals such as Be. 

In terms of high-temperature strength, resistance to H:, and neutron absorp- 
tion, graphite seems to be the best of these materials for temperatures of 
4,000°-5,000° F. Also, the high-temperature values of the quantity (# is Young’s 
modulus, @ is the coefficient of thermal expansion, and k is thermal conductivity 
Ea/k for graphite are low compared’with the other ceramics, which means that 
lower thermal stresses occur in graphite than in other ceramics. 
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NUCLEAR ROCKET FLOW SCHEME. Liq- 
vid hydrogen is stored in insulated tanks 
equipped with “blow-off” valves that 
relieve excessive pressure. Pressurized 
helium replaces hydrogen as it is drawn 
off to propellant turbopump. Hydrogen 
at high pressure (~10* psia) flows from 
pump through ducts to exit end of rocket 
nozzle where it is used to cool nozzle and 
reactor chamber walls before entering 
plenum. Most of hydrogen then flows 
down through reactor and out Delaval 
nozzle at 4,000° F. Small amount of hy- 
drogen is diverted at plenum to cool re- 
flector and structural columns. Gas leov- 
ing reflector at 1,500° F and 350 psia is 
used to drive turbine of turbopump. By- 
pass valve affords turbine control. Turbine 
exhaust gas is expelled through thrust- 
recovery auxiliary nozzles (FIG. 1) 
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In addition, graphite’s thermal conductivity is quite good compared with other 
ceramics, permitting higher exit gas temperatures for a given fuel-element 
thickness or diameter. 

A fast reactor, on the other hand, might appear to be better, since no space 
is wasted on moderator or reflector. However, the structural-material choice 
here is even more limited ; tungsten is one of the few high-temperature materials 

ilable. 
Pes. for safety, fast-reactor excess reactivity has to be kept less than $1. 
Since considerable excess reactivity may be needed to compensate losses of 
core material during operation, a reactor system with enough thermal neutrons 


to give a reasonable excess reactivity seems like the best approach and is the 
one we will discuss from here on. 


FUEL-ELEMENT DESIGN 


Developing a satisfactory fuel element is first on the list of problems. One 
starts with one of the high-temperature materials, such as graphite, as combina- 
tion moderator and matrix for the uranium fuel. Then it is necessary to fabri- 
cate this mixture into shapes rugged enough to withstand violent thermal 
and mechanical stresses and yet thin enough to minimize thermal gradients 
and provide adequate surface area. Some possible fuel element shapes are 
shown in figure 2. With other things equal, the design with the smallest pres- 
sure drop is preferred. 

A comparison study of the elements in figure 2 indicates the superiority of 
sandwich- or plate- type fuel elements and rod-type elements. In this study, 
all factors were held constant except element shape. 


Flow 
Spheres (cubic array) 
(67) 
Wire screens 
(51) 
Staggered wires 
‘ parallel flow 
taggered wires 
cross flow [41] (without spacers) | 


FIG. 2. Possible graphite fuel-element configurations. Studies of relative pressure 
drop (numbers in brackets) showed flat plates and staggered wires with parallel flow 
to be superior 


Element sizes were determined by temperature and stress limitations. The 
greater fuel-bundle complexity and greater propellant-flow blockage (with 
spacers) for rod elements make parallel plate elements the more desirable of 
the two. The plates could be bound together at several points by drawn tungsten 
or molybdenum wire. 

Conceivably, the elements might be used unclad; alternatively, a ceramic coat- 
ing could be developed. Plate element thickness is limited on the high side 
by thermal stress and absolute temperature limits and on the low side by 


fabrication and rigidity problems. Between 0.030-0.125 inch is a likely thickness 
range. 
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CORE DESIGN 


Once the decision has been made to use, say, graphite-plate-element bundles, 
the next problem is to hold the bundles together into a compact, rigid core. The 
assembly must bear up under a 4,500° F. axial temperature difference, a 1,000- 
p.s.i. pressure drop, and 10 g accelerations, and at the same time be as small 
and light as possible. Again, graphite appears to be a good possibility for the 
structural material. 

One possible scheme would use a matrix of lateral beams and cross braces 
to secure the fuel-element bundles in place. The matrix would transfer the 
pressure-drop load to metallic tubular tension columns (which are supported from 
the cold end and run the length of the core) and to the rocket outer wall. 

The tension columns would be cooled with liquid hydrogen flowing internally 
and would be made of a high-temperature metal like molybdenum. The total 
amount of such material would have to be kept small for a reasonable critica] 
mass. (See fig. 3.) 

An alternative all-graphite structure might use a compression arch at the hot 
end of the core to support the core matrix. This scheme would take full advan- 
tage of graphite’s superior strength in compression, but would be harder to build 
than the first one. 

An additional worry in laying out the core is that nonuniform coolant-space 
and fuel-density distributions are required for optimum performance. 

For instance, a design using a constant void fraction through the core (void 
fraction=flow area/total area) would give an almost exponential increase in 
pressure drop Ap as the gas approaches the hot end of the reactor. A _ better 
design would use a variable void fraction through the core to reduce the overall 
pressure drop across the core, preferably without introducing much additional 
fabrication difficulty (by proper distribution of void space the decrease in pres- 
sure drop attained at the hot end is much greater than the increase at the cold 
end and hence the integrated pressure drop is lower than for the ‘‘exponential” 
ease of constant void fraction). A saving in core structural weight might also 
result due to the lower dynamic forces. 
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Reflector Thickness ( in.) 


FIG. 3. Critical mass of highly en- 
riched U as function of BeO reflector 
thickness for epithermal rocket reactor. 
Three curves refer to different concen- 
trations of molybdenum in U-graphite 
core 5 ft in diam and 5 ft long 


Similarly, to squeeze as much power as possible from the temperature-limited 
core, the fuel distribution would be varied in both the radial and axial directions 
to keep the peak-to-average temperature ratio to an absolute minimum. 
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REACTOR CONTROL 


_The main function of the reflector would be to act as a variable source of ther- 
mal neutrons for reactor control. Figure 3 shows the large reactivity controlled 
by reflector changes. 

For example, the critical mass varies more than a factor of two between the 
fully reflected reactor and the bare one. By using some scheme of reflector 
poisoning, this large excess reactivity could be made available for operational 
needs, which, aS we have seen before, may be considerable. Reflector control 
would also do away with many of the problems of putting control rods in the 
core of a reactor of this kind and would provide more excess reactivity. 

The reflector-poison control elements could be in the form of long boron plates 
stationed within the refiector around the reactor core and reaching the length of 
the core. The plates would be rotated in circular slots by a mechanical drive 
system so that they could be moved from the inner to the outer boundary of the 
reflector. With the plates turned in, the reflector would send back very few 
neutrons to the core; with the plates turned all the way out, the maximum 
number of neutrons would be returned. 

During startup, reactor power and fuel flow would be carefully synchronized 
to establish the final steady-state temperature distribution throughout the core 
at low power. Power and flow would then be pushed up to their full design 
values while preserving the temperature distribution. 

The first step would be carried out slowly to minimize thermal stresses; the 
second step must be done as rapidly as possible to conserve propellant. An 
extremely sensitive and reliable reactor-turbopump control system will be needed 
to carry out these steps. 

During power operation (perhaps sooner) various reactivity changes will 
occur due to changes in the material composition of the core. Some changes to 
consider include: 

(1) Reactivity change due to change in hydrogen density in the core void 
volume. 

(2) Uniform decrease in the solid volume of the core (including both fuel and 
moderator) due to corrosion-erosion. 

(3) Nonuniform decrease due to destruction of a plate or bundle in the core 
matrix and its consequent discharge out of the core by the propellant gases. 


NONNUCLEAR COMPONENTS 
Nozzle design 


The design of the ejection nozzle for the hot gas is based on the same principles 
as those used in chemical-rocket nozzle design. A converging-diverging nozzle 
(DeLaval nozzle) is used to reach the supersonic exhaust velocities necessary 
for high thrust. 

As in chemical rockets, the major problem in the nozzle design is keeping 
temperatures below the maximum allowable in the nozzle wall. A common 
procedure is to cool the nozzle and chamber walls regeneratively. In this case 
the main propellant (or a portion of it) is first pumped through coolant passages 
around the chamber and nozzle, after which this preheated fluid is sent through 
the chamber. Cryogenic hydrogen does not present insuperable difficulties for 
this application. 

In chemical rockets, the greatest heating problem occurs in the converging 
portion of the throat due to the high velocity-temperature combination at that 
point. The same is true in the nuclear rocket, with the additional problem of 
gamma-ray heating from the reactor. 

Since the converging section of the nozzle is relatively close to the reactor and 
since the converging section “sees” the reactor, gamma heating is particularly 
serious here. Nevertheless, it appears possible to overcome the problem with 
regenerative cooling. 

Chamber design 

In the chamber design a very considerable axial force from g-load and drag 
is transmitted to the shell from the reactor core via the structural support mem- 
bers. This is in addition to the usual hoop stresses due to gas pressure. 

A relatively heavy wall is therefore necessary in the chamber. But heavy 
walls not only decrease overall rocket performance due to greater weight; they 
also lead to higher wall temperatures and thermal stresses because of heating 
by leakage gamma rays. (The gas-cooled reflector will help decrease the 
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gamma-ray intensity to some extent.) As with the nozzle the hydrogen pro. 
pellant appears to be satisfactory as a coolant for the reactor chamber. 

(We gratefully acknowledge the contributions of Mr. John Giovannucei for 
the reactivity analysis performed utilizing a modified perturbation theory he 
devised. Mr. Robert Behnke and Mrs. Arlene Pollack performed many of the 
numerous calculations in the nuclear and engineering analysis which led to the 
‘systems described in this paper.) 

The Cuarrman. Any further questions? If not, we want to thank 
all of the witnesses who have come here today to help us with these 
problems that we have. 

We will meet tomorrow morning at 10 o’clock. At that time we 
will take up the electrical propulsion and space problem. We have 
representatives from the Giannini Cos. of Santa Ana, Calif., repre- 
sentatives from General Electric Co., from the North American 
Aviation Corp., and from the Lockheed Aircraft at that time. 

I think we can handle them all right within the limits of the time. 

If there is no further business, the committee will recess until 
tomorrow morning at 10 o’clock. 

(Whereupon, at 12 noon the committee recessed, to reconvene at 


10 a.m., Thursday, March 19, 1959.) 
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House or REPRESENTATIVES, 
COMMITTEE ON SCIENCE AND ASTRONAUTICS, 
Washington, D.C., Thursday, March 19, 1959. 

The committee met at 10:05 a.m., in room B-214, New House Office 
Building, the Honorable Overton Brooks, chairman, presiding. 

The CHarrmMan. The meeting will come to order. 

This morning we have a number of witnesses. From the Giannini 
Cos., we have Dr. Gabriel M. Giannini, of Santa Ana, Calif. 

Do you have a statement, Doctor? 

Dr. GIANNINI. No, sir; not written. 

The Cuatrman. We have Mr. Fthenakis, manager of navigation 
and controls engineering, Missile & Space Vehicle Department, Gen- 
eral Electric Co., Philadelphia. 

Then we have Dr. Robert H. Boden, research specialist, Rocketdyne 
Division, North American Aviation, from California. We have Dr. 
Daniel Bershader, manager of Gas & Dynamics Department, Lock- 
heed Missile & Space Division, Lockheed Aircraft Corp., of California. 

Finally we have Mr. Y. C. Lee, director of corporate research, 
Aerojet-General Corp., Azusa, Calif. 

We will begin with Dr. Giannini. Doctor, you have no prepared 
statement, but if you care to, sir, we will be glad to have any informal 
statement you wish to give us. 


STATEMENT OF DR. GABRIEL M. GIANNINI, PRESIDENT, GIANNINI 
PLASMADYNE CORP., AND TECHNICAL DIRECTOR, G. M. GIANNINI 
& CO., INC. 


Dr. Giannrnt. I will speak a few minutes on electrical propulsion 
and on why we are here today to discuss nonchemical propellants. 

The basic reason for electrical propulsion is to be found in the fact 
that in conventional rockets the mass which is accelerated within the 
rocket itself has a limited amount of energy available to it. I will 
explain this a little more simply by saying that in propulsion through 
fluids, the only method known to propel a vehicle with any appreciable 
efficiency is to displace part of the fluid in the neighborhood or within 
the vehicle and to propel such fluid in a direction opposite to the one 
in which the vehicle wishes to go. 

For example, in a rowboat one just propels some water in a direction 
opposite to the way the rowboat goes. In an airplane with a propeller 
7 eowrnn a mass of air in the direction opposite to the direction 
of fight. 

_ Ina conventional rocket, one accelerates the mass of the propellant 
in a direction opposite to the desired trajectory. 
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In order to accelerate this mass which makes the vehicle move, it 
is necessary to have available a certain amount of energy so as to 
cause the motion of the mass. In a conventional rocket, the ener 
which accelerates the mass which is ejected is contained within the 
chemical itself. Its molecular energy is the energy which is converted 
into heat. The heat expands the propellant, whether solid or liquid, 
Once ignited the propellant is in gaseous form and expanding com- 
presses against the walls of the rocket chamber and its potential energy 
is converted into kinetic energy, the propellant thus being ejected 
through the nozzle. 

The velocity with which this gas is ejected by the nozzle of a rocket 
depends strictly on the amount of energy which is available in the 
process. The amount of energy which is available in the conven- 
tional rocket is controlled by its source. Its source is chemical energy 
that is, the energy which 1s liberated when the molecules rearrange 
themselves or when the fuel burns. 

This energy, as I said before, is limited. Why is it limited? It 
is limited because the strength of the chemical bonds is limited. I 
will make a comparison. When we have a slingshot made out of a 
rubber band, and a stone, the stronger the rubber band is, the more 
energy we can transmit into the stone and the faster we can let the 
stone go. 

If we call the rubber band a bond, we find that a chemical bond, 
that is, a bond that keeps several molecules together, is like a weak 
rubber band, that is, weaker than the bonds which bind some of the 
electrons within the atom, or nuclear bonds which bind particles with- 
in the nucleus itself. These bonds differ by several orders of magni- 
tude, which means that with chemical] propellants we are confronted 
with slingshots with weak rubber bands which cannot impart too high 
a velocity to the mass which is ejected. With chemical energy, there- 
fore, we can accelerate large masses of propellant, but at a relatively 
low velocity. 

Therefore, one has been searching for a more effective method of 
transferring energy into the propelling gas. One way of doing this 
is electrically. By this means one can translate electron binding 
energies which are higher than chemical binding energies. These 
energies are evidenced by and can be expressed in terms of tempera- 
ture. The maximum temperatures obtainable chemically are of the 
order of 8,000° Fahrenheit and the only way of converting the heat 
into kinetic energy is through the use of a nozzle. 

Electrically one can go much higher and one can do one or both of 
two things: 

te Increase the temperature to say, double a value, or 

6) Accelerate the gas directly without increasing its temperature, 
by electromagnetic means. 

These are two ways by which we can mages to the gas, whatever 
material it may originally be, liquid or solid, a greater amount of 
energy by using electrical means than we can chemically. 

The moment we decide to try to reduce this thinking to practice we 
are confronted with two problems: ; 

(1) One is the source of energy. In a conventional or chemical 
system, the energy is contained in the propellant itself. In electrical 
systems such as are being developed today, we must secure an outside 
source of electric power to drive the propelling mass. 
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(2) The second problem is to transfer the energy from the source 
of power into the gas itself, which is to be accelerated. 

y colleagues wil] describe a variety of methods to transfer energy 
from an electrical source into the acceleration of a gas. . 

I would like to point out that while I am personally working on 
one or two of these methods at this time, it is very difficult at this time 
to predict as to which one of the various approaches will find practical 
use and for what purpose. Weare confronted with a situation similar 
to that which existed at the time of discovery of gasoline in respect to 
the future of some particular type of gas engine. One could not 
have stated in 1900 whether the gasoline engine of greatest acceptance 
would be a diesel or gas, be 2 cylinders or 16, whether it should be 2 
cycles or 4 cycles, whether a piston engine or a turbine. 

Similarly each one of the types of electrical propulsion which you 
will hear about has a particular optimum application to certain par- 
ticular missions. Some of them are good for satellites orientations, 
others are good for moving a space vehicle from one orbit to another. 
Some of them are good only for very long trips and others are good 
for only relatively small adjustments. There is as much difference be- 
tween electrical propulsion systems for space vehicles as there is 
between an outboard motor and the engines in the Queen Mary and 
one cannot be used for the purpose of the other. 

The underlying great problem on all of these electrical systems 
is the power supply. Electric power must be available in light form 
because otherwise any increase in efficiency which we may obtain in 
the method of transferring electrical energy into momentum into the 
gas will be lost in having to carry a heavy weight of electrical equip- 
ment. 

In other words, an electrical propulsion system in order to be better 
than a chemical system must have a total weight which compares fa- 
vorably with it. All of the electrical systems which are being proposed 
or are being studied have this common problem. 

I will wind up my outline by saying that today there seem to be only 
two types of feasible electrical propulsion systems which are, so to 
speak, at the opposite ends of the power spectrum. 

One utilizes the energy which exists in space in the form of solar 
energy through solar batteries or thermionic methods. This method 
is, at this time, limited to very small value of total thrust. It can be 
used for orienting small missiles, but it is 1 million times too small, 
for example, to cause a rocket to take off from the ground. 

The other source of power is in nuclear fission coupled to conven- 
tional electrical generators. With this combination, electric propul- 
sion is, on paper, feasible for large vehicles designed for missions such 
asa Mars mission. 

The greatest need today to make electrical propulsion a success is 
the development of light power sources in the middle-size range be- 
tween these two extremes. In this area, while work is being done, 
there is a long way to go before a practical device becomes a reality. 


Such a device is essential to give adequate maneuverability to space 
vehicles. 


Thank you. 
The Cuarrman. Thank you very much, Doctor. 


| | 
| 
| 

| 
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May I ask you this. I have been asking all of the witnesses the 
same thing. Could you give us some idea of the size of the R. & D, 
program, research and development program, of your company? 

Dr. Grannint. I am actually connected with two companies. One 
is doing about $12 million in production of aircraft instrumentation, 
One is doing about a million and a half a year in research in this field 
of electrical propulsion where I have about 100 people. 

The Cuatrma.. The 2 companies, 100 people—— 

Dr. Grannint. have 1,300 people 

The CuarrMan. In this particular work ¢ 

Dr. Giannini. No. In this particular work, 100. 

The Cuarman. I mean in the R. & D. program, research and devel- 
opment program. 

Dr. GIANNINI. In one field we are doing instrumentation for missiles 
and automatic pilots. 

The Cuatrman. We don’t care so long as it is R. & D. work there, 
We wanted to know just about what the size of your total R. & D, 
program was. 

Dr. Granntnt. About $314 million. 

The Cuarrman. And about 1,200 people? 

Dr. Granntnt. The instrument manufacturing company has 1,200 
people and the R. & D. is $2 million, and the electrical propulsion 
company has 100 people and its R. & D. is about $114 million. 

The Cuarrman. Thank you very much, Doctor. We are going 
ahead and call on the other witnesses because the House convenes 
at eleven this morning. These people have come from long distances. 
We want to hear them all, and all of the time we have remaining 
we will use for questioning them. 

Next we have Mr. Emanuel Fthenakis, manager of navigation and 
controls engineering, Missile and Space Vehicle Department, of Gen- 
eral Electric. 

Mr. Fthenakis. 


STATEMENT OF EMANUEL FTHENAKIS, MANAGER, NAVIGATION 
AND CONTROLS ENGINEERING, MISSILE AND SPACE VEHICLE 
DEPARTMENT, GENERAL ELECTRIC CO. 


Mr. Fruenaxis. I do not have a prepared statement. I will try 
to say a few words here. My main object would be to cover the area of 
electrical power which is one of the basic problems in these electrical 
propulsion systems. 

Of course in the space applications the electrical power is not only 
used for the propulsion but other functions. I have here a chart 
which indicates the factors that have to be considered in the design of 
power supplies. These are the propulsion, the navigation elements— 
that is, the sensing, computing, and actuations—plus the payload 
requirements, such as a warhead or instrumentation package, life 
support or any other payload packages that exist in the vehicle. 

I am about to show you a few numbers which by no means are 
100 percent accurate. They indicate how the electrical power divides 
among the above functions. 
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I would like to emphasize that these are already published else- 
where and contain no classified information. Therefore, it is not 
the latest that could be said. They just give an order of magnitude. 

(The first chart is as follows :) 


USE OF ELECTRICAL POWER 


A. PROPULSION 
-LON PROPULSION 
-PLASMA JET ACCELERATORS 
-MAGNETOHYDRODYNAMICS 
-OTHERS 


B. NAVIGATION AND CONTROL 
-SENSING 
-COMP UTING 
-ACTUATING 


Cc. PAYLOAD 
-WARHEAD 
- INSTRUMENTATION 
-LIFE SUPPORT 
- OTHER 


Mr. Furron. Why don’t you have thermodynamics on the chart ? 
Mr. Frnenakts. In thisarea 
Mr. Fuuron. Any place at all before you leave the chart. 
Mr. Fruenaxtis. Thermodynamics? I am here indicating the areas 
we use electrical power. 
Mr. Furron. Couldn't you have thermodynamics under that A pro- 
pulsion, changing heat into electricity ? 
Mr. Fruenaxis. Right. This will be the power supply. I am 
going to go into that. The way by which you obtain the electrical 
ower. 
" Mr. Furron. I just wondered why you had left it out of the chart. 
Mr. Fruenaxts. Because the thermodynamics as such is not a unit. 


It is just. a principle. It is not a unit that you have to supply with 
electrical power. 


Mr. Fuuron. Go ahead. 
Mr. Fruenaxis. I indicate here numbers of our anticipated re- 
quirements in the propulsion area. Over here I have the type of 


propulsion like ion propulsion, plasma, chemical rockets, nuclear, and 
photon. This is like solar cells. 
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(The table referred to is as follows :) 


Anticipated requirements: A. Propulsion 


Type of propulsion Thrust (1bs.) or specific Electric power kw./Ib. Voltage, ky, 
impulse (sec.) thrust 
Chemical 1 (Ib.) to 1-300 w. (squib only) 


Mr. Fruenaxis. I have here a typical number of the pounds of 
cae a you can get out of that, or the impulse in the case of the chem- 
icals. 

Over here you see that we have two-tenths of a pound in the ion 
propulsion, which is contrasted with the millions of pounds we are 
talking about in the chemical rockets. 

Over here I have the electrical power that is required—i.e., kilowatts 
for each pound of thrust that we get out of these devices. I think this 
is indicative of the size of the electrical power requirements. I have 
over here, just for comparison purposes, the electrical power in ordi- 
nary consumption. I took Philadelphia—it is around 600,000 kilo- 
watts, and 10,000 population city with an average use per residence 
of about 0.4 kilowatt. 

(The table referred to is as follows :) 


Average electric power consumption 


Kilowatts 
U.S. residential city (10,000 population) __.___---_-_____-----------__ 970 


Mr. Fruenakis. You have here the /owa-class battleship, which is 
about a hundred thousand kilowatts. 

Mr. Wotr. I am awfully glad to have you mention the word 
“Towa.” 

Mr. Furron. May I comment favorably on Philadelphia, too? 

The Cuarrman. I will comment on the battleship. In that ion- 
type propulsion you would have twice as much as in a battleship? 

Mr. Fruenakis. As I said, the battleship has a powerplant of about 
100,000 kilowatts to provide all the needs. An ion propulsion device 
needs about—this is a typical number—250 to 300 kilowatts per pound 
of thrust. I say “per pound of thrust.” I am not talking about 
millions of pounds which we are talking about in the chemical case. 

Mr. Futon. May we put these charts in the record at this point? 

The Cuarman. Yes; the charts will be in the record. Do you have 
available—— 

Mr. Fruenakis. I can leave these charts. 

I have here the other requirements besides propulsion with mission 
type that have to supply the p: ‘eae This is the weapon type like 
a ballistic missile or reentry vehicle. This is in watts, minimum or 
maximum, 
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(The table referred to is as follows :) 


B. Future total power requirements, 1959-70 


Power (watts) requirements 
Mission type Feasible hardware 
Minimum Maximum 
eapons: 
Ballistic missile (reentry 
vehicle only): 
2,000 | A. Silver zine batteries. 
Operation _.* .- 15 500 | B. Fuel cells. 
©. Isotope—thermionic converter. 
D. Solar converters. 
Short range: 
300 2,500 | A. Silver zinc batteries. 
Operations. .-..- 50 1,500 | B. Turbine generators, 
II. Satellites: 
Communications - - -------- 20 5-10,000 | A. Silver zine better (minimum 
Reconnaissance. ---- -------- 30 5, 000 power and up to 48hoursonly). 
Manin space (1 man) 500 800 | B. Fuelcells. 
Man in space (2-5 men) ----- 800 5-10, 000 | C. Isotope or solar thermionic con- 
Scientific probe (such as 25 6, 000 verter. 
mapping magnetic fields, D. Solar converters. 
radiation field, etc.) E. Nuclear—turbine generators (high), 
2, 000 11,000 power >1l0kw. 
III, Interplanetary: 
Moon: 
Unmanned -- -.---------- 10 | 2,000 (10-15 kw. 2) | A. Silver zine batteries. 
OS Ee 500 | 2,000 (15-20 kw. 2) | B. Isotope or solar thermionic con- 
verter. 
Venus: 
Unmanned...-...------- 200 | 2,500 (20-30 kw. 2) | C. Solar converters. 
a eee 700 | 3,000 (50-60 kw. 2) | D. Fuel cells. 
Unmanned... .-......---- 200 | 2,500 (20-30 kw. 2) | E. Nuclear turbine generator. 
700 | 3,000 (50-60 kw. 2) 
1 Kilowatts. 
2If ion propulsion is used. 


Mr. Fruenaxis. This is just an order of magnitude. It can vary, 
depending on the missile. This is the kind of power supply which 
T will go into in more detail a little later, which could supply that 
kind of power. 

We have a second kind of mission here, which is a satellite mission, 
like communications satellite, reconnaissance, one man in space, two 
men in space—scientific probes, or space stations—which ends up to 
the thousands of kilowatts up there—just indicating what are the 

uirements you anticipate in a case like this. 

‘Over here I have the requirements in power you anticipate in the 
interplanetary missions. I have selected three—the Moon, Venus, 
and Mars—unmanned and manned. Im all three of them—I have 
indicated with these low figures in parentheses the cases where you 
need ion propulsion or plasma jet accelerators, or electrical propul- 
sion. The rest of the power is used for the payload. 

_. This is as far as the requirements for power go. Now we t 
to get very light and cheap power in high altitudes. So I will indicate 
the methods that today are being investigated. Of course in getting 
electrical power, you have to have a basic energy source. Het have 
the energy source that you can use—radio isotope, nuclear reactor, 
solar energy, chemical, mechanical, or aerodynamic—really I am 
talking about the aerodynamic principle. 
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(The diagram referred to is as follows:) 


POWER SOURCE 


ENERGY SOURCE THERMOELECTRIC 
Radio [sotope Thermionic 
Reactor Chemical 
Solar Photovoltaic 
Chemical Mechanical 
Mechanical or | Fuel Cell 
Aerodynamic 
CONTROLS 
Magnetic 3 
Mechanical HEAT SINK 
Thermal Radiation 
Electrical | Conduction 
Electro- Convection 
Mechanical 
Electronic a Electrical 
Pneumatic Energy 


_ Mr. Fruenaxis. Of course this is the heat energy, and you have 
to convert to electricity. You have to have a conversion device. I am 
indicating here the number of conversion devices like thermoelectric, 
thermionic. Thermoelectric uses the difference of potential between 
two metals at different temperatures. Thermionic is boiling the 
electrons out of a metal. Heat it up and boil the electrons, collect 
them and so obtain a current flowing from cathode to anode. 

This is a thermionic button. There are dozens like this. I got it 
out of the research laboratory. This is about a quarter of a watt 
thermionic button. [Passes around exhibit. ] 

Photovoltaic: That is the ordinary solar cell that converts to elec- 
trical energy. Mechanical: Like a turbine or reciprocating turbine 
or a generator; and fuel cell, which is required eae IS really 
energy. 

This is a reverse process like a battery process. ! 

Ms have over here a fuel cell to indicate to you what the thing looks 
ike. 

The Cuatrman. Could you let us pass it around? 

Mr. Fruenakis. Yes, Y will, Of course you need, besides that, 
the secondary equipment to go with the power supply. This is not 
100 percent efficient. Actually it is only 5 to 10 percent efficient. 

Then the rest of the thermal energy has to be dissipated in some 
way so you don’t burn up your devices. You have to have heat sinks 


| 
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or radiation shielding in the case of nuclear energy. Actually this 
is one of the disadvantages of nuclear energy. 

While you can have very light equipment if you had personnel 
working next to it, you have to have a tremendous amount of shield- 
ing. The same is true for any electronic equipment next to it- 
And this is the controls you need to regulate that power, that 1is,, 
the rate at which it is produced. 

The state of the art in this particular power source, the power 
supplies today, is that there are power-supply prototypes built that 
prove very well the feasibility. To my knowledge I have not seen 
a flyable unit, a unit that could really be put into a missile and 

up in this category. 

(The final table is as follows :) 


State of development 


Approximate 
Power ratings Development time weight 
6 to 20 months- 60 


Norte.—Provided a very intense effort is made. 


Mr. Fruenakts. I will be glad to answer any questions later on, on 
this subject. 

The Cuarrman. Thank you very much, sir. We appreciate your 
explanation. It will help if we can put your chart in the record. 

Mr. Futon. I have one question on your controls. Do you have 
in there command controls from the ground ? 

Mr. Fruenaxis. These controls over here—— 

Mr. Fuuton. They all seem to be inertia controlled. Do you in- 
clude there command controls from the ground? . 

Mr, Fruenaxis. These are controls that control the rate, are self- 
contained. They contro] the rate by which you release the energy. 

Mr, Fuuron. We have command control] from the ground, too, or 
from other stations. Are you considering that? 

Mr. Fruenaxis. This is not the type of controls I am considering 
here. This is, for example—— 

Mr. Fuuron. That is all I need; thank you. / 

The CuarrMan. Thank you, sir. We have Dr. Robert H. Roden, 
and he is research specialist, Rocketdyne Division, North American 
Aviation Corp. But Mr. Thomas E. Dixon, chief engineer for the 
same company, I understand will do the talking. 

Mr. Drxon. That is correct, sir. 

The Cuarrman. We have a prepared statement, too, I believe by 
you, Mr. Dixon. 


| 
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STATEMENT OF THOMAS F. DIXON, CHIEF ENGINEER, ROCKETDYNE 
_. DIVISION, NORTH AMERICAN AVIATION, INC.; ACCOMPANIED 
|, BY DR. ROBERT H. BODEN, RESEARCH SPECIALIST, ROCKETDYNE 
DIVISION, NORTH AMERICAN AVIATION, INC. 


Mr. Dixon. Mr. Chairman, we have a prepared statement here, 
Cuarrman. I think everybody hee copies of them, | 
we 
. Mr, Drxon. In accordance with the committee’s request we have 
‘prepared a short statement covering the characteristics of the elec- 
trical propulsion engine. | 
The rapid advances in electronics, mechanical and electrical engi- | 
neering, physics, and space technology are leading to unique types of | 
werpiants which give us increasing capabilities for space travel, __ 
revious discussion with your committee has summarized the chemica] | 
and nuclear rockets. This discussion covers electrical powerplants, 
and particularly the ion rocket engine. 
Chart 1 is an artist’s concept of an electrically powered vehicle 


' which has been proposed. 
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_' Mr. Drxon. This concept is satisfactory for interplanetary mis- 
sions. Before discussing it in detail, however, electrical propulsion 
systems and their capabilities will be surveyed. 

The ion rocket engine is a high-impulse, low-thrust device. It is 
not capable of boosting a vehicle from the ground. Once space 
borne, a vehicle powered with an ion engine can carry large loads for 
substantially longer periods of time than can chemical and nuclear 
powerplants. Because of the mutually dependent relationship of the 


/ 
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jon and conventional rocket vehicles, it is suparint that the ion engine 
supplements the chemical and nuclear rocket engines. A balanced 
development program will include the three engine types. 

Within the next 5 to 10 years the three engine types will be in opera- 
tion for space propulsion. Chart 2 summarizes the high points of the 
discussion on the chemical and nuclear rocket engines and presents 
comparable data on the ion engine. : 


CHART 2 


Engine type comparison 


Type Chemical Nuclear Electrical (ion) 

6,000,000 pounds-__- 1-4,000,000 1-10 pounds. 

APPLICATIONS 

space. 
and upper} Upper stages and space 
stages. 


Mr. Dixon. Within the next 10 years, the ion rocket engine will be 
developing 1 to 10 pounds of thrust. In contrast, the first steps to de- 
velop booster chemical rocket engines of 6 million pounds of thrust 
are underway. 

The relative performance of the engines is presented in the thrust 

nerated by each engine for a fuel flow of 1 pound per second. On 

is basis the chemical rocket generates 400 pounds of thrust, the nu- 
clear rocket 800 to 1,200 — and the electrical rocket between 
5,000 and 50,000 pounds of thrust for 1 pound of propellant burned 
in the given unit of time—-1 second. This is the characteristic which 
permits electrical powerplants to accomplish missions beyond the 
scope of chemical and nuclear engines. 

The third comparison factor is the ratio of thrust produced to 
weight of the engine. Chemical and nuclear rockets produce high 
thrusts per unit weight, making these engines ideal for booster and 
soft-landing applications. Electrical and ion powerplants produce 
low thrust per unit of weight. Therefore, the ion engine must have 
boost assistance of the other types, but once in space it can become 
effective as a propulsion system. On short missions, the high-thrust 
rocket reaches its destination more quickly. As the mission dura- 
tion increases, the time penalty of the electrical propulsion system di- 
minishes steadily until it vanishes. 


| 
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The types of electrical propulsion systems which have been ana- 
— at Rocketdyne include plasma, ion, and thermonuclear engines, 
chart 3. 
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TYPES OF ELECTRICAL PROPULSION 


TYPE METHOD OF ACCELERATION 


THERMAL JET 
PLASMA 
ELECTROMAGNETIC 


ELECTROSTATIC 
@ ION 
ELECTROMAGNETIC 


@ THERMO-NUCLEAR ELECTROMAGNETIC 


Mr. Dixon. Two types of plasma engines are known, the thermal 
jet and the electromagnetic accelerator type. In the thermal jet, the 
propellants are vaporized and heated electrically to a temperature 
and state comparable to or higher than those achieved in conven- 
tional rocket engines. Thrust is then generated by the expansion of 
the hot gases through a nozzle in precisely the same manner as con- 
ventional rocket engines. 

The plasma temperatures rapidly exceed the capabilities of cur- 
rently known materials to withstand these very high temperatures. 
This problem is solved by using electromagnetic fields to contain and 
accelerate the plasma, an intimate mixture of ions, electrons, and neu- 
tral particles. Extensive analyses show that an operating space en- 
gine can be realized in a relatively short period of time by using 
well-known scientific techniques. If the ions and electrons are first 
extracted from the plasma and then accelerated in separate jets to de- 
velop thrust, this type of rocket engine is the ion engine. If the ions 
are accelerated by electrical fields only, the unit is called an electro- 
static ion engine. If the jet is generated by the combined action of 
electrical and magnetic fields, the engine is called an electromagnetic 
ion engine. 

The ultimate rocket powerplant will probably be developed from 
the application of thermonuclear processes for power, plasma, and 
electromagnetic field generation. Technical feasibility of these proc- 
esses has not been proven at this time. It is known that the thermo- 
nuclear process is capable of generating enormous amounts of power 
from minute amounts of fuel. Therefore, developments in this field 
are being followed with intense interest. The thermonuclear process 
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will result in complete ionization of the propellant. Acceleration of 
the jet will be obtained by induced or external, electromagnetic 
elds. 
. This discussion has thus far been concerned with ions, electrons, 
plasmas, etc. It is appropriate at this point to clarify these ideas 
and to determine how they influence the propulsion picture. 
According to modern concepts, a substance such as a metal is an 
array of atoms, or molecules, held in a regular pattern, called the 
ace lattice, by interatomic forces. As energy is poured into the 
substance by heating or electrical processes, the interatomic forces 
are overcome and the substance passes first into a liquid, then the 
vapor state. The atoms consist of a nucleus surrounded by a dynamic 
array of electrons (chart 4). 
CuHart No. 4 


IONIZATION 
ELECTRON 


— 


/ 
ELECTRONS / 


ATOM 
ION 


Mr. Dixon. The nucleus is a complex entity of protons, neutrons, 
and electrons. The nucleus has most of the mass of the atom. The 
lightest nucleus is that of hydrogen, a single proton, which is approxi- 
mately 1,840 times the weight of an electron, and of equal and oppo- 
site hires When energy is poured into the atom, one or more of 
the dynamic electrons surrounding the nucleus can be separated from 
the nucleus. When this occurs, the process is known as ionization. 
The nucleus and its remaining electrons carry a charge equal and 
opposite to that of the electrons removed, and are called an ion. 
Since the lightest ion is 1,840 times the weight of the electron, ions 
are of primary interest for propulsive purposes. 

When ionization occurs in a gas, the resulting cloud of atoms, 
ions, and electrons is known as a plasma. If there are no atoms 
left, and only ions and electrons are present, the cloud is an ideal 
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plasma. While thrust can be developed by direct ejection of plasma 
practice has found it better to separate ions and electrons, accelerate 
them individually, and finally to allow them to remix in outer space, 

Mechanisms for qenereting a plasma, separating the ions and elec- 
trons, then separately accelerating them into a high-velocity jetstream 
are included in the various components of the electrostatic ion rocket 
engine (chart 5). 
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TYPICAL ION PROPULSION 
SYSTEM SCHEMATIC 


Mr. Dixon. This schematic drawing illustrates an electrical pro- 
pulsion system which will be operable within 5 to 6 years. 

The basic parts of the system are a nuclear reactor to supply thermal 
energy ; a system including a gas turbine, radiator, and pump to con- 
vert the thermal energy of the nuclear reactor into mechanical power; 
and an electrical generator coupled to the gas turbine to supply elec- 
trical power to the ion thrust chamber. Propellant is fed into the ion 
source as a gas. Here the a is generated and the ions and 
electrons are extracted from the plasma mixture. The ions are accel- 
erated immediately into a high-velocity jet which produces most of 
the thrust. The electrons are collected at the source and then flow 
through the generator, and to an electron emitter. Here the electrons 
are ejected at a rate to balance the ion jet. 

This ion engine can be incorporated in a rocket vehicle which can 
be effectively combined with a chemical or nuclear rocket. The high- 
thrust rocket boosts the ion rocket into an initial orbit from which 
- — off on many missions. These missions are summarized in 
chart 6. 


| 
| 
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ION ENGINE APPLICATIONS 


CONTROLLED 7 
LUNAR RECONNAISSANCE </ 


CONTROLLED 
MARS RECONNAISSANCE 
24HR SATELLITE 


CONTROLLED 
SATELLITE 


LOW ALTITUDE 
SATELLITE 


Mr. Dixon. The low-altitude satellite can fly at altitudes below 100 
miles and within the atmosphere of the earth. A major advantage of 
this type of vehicle is improved reconnaissance possibilities because 
of closer approach to the objective. The controlled satellite can climb 
from an initial orbit to a different orbit and return. 

The ion engine will maintain the 24-hour satellite in position. This 
satellite stays in a position directly over one spot on the earth’s sur- 
face. Such a satellite can be used effectively for communications 
relays, weather observation, and navigation references. 

The ion engine can travel to the Moon or Mars, as can the chemical 
and nuclear rockets. It can also travel beyond these objectives on 
interplanetary missions. 


| 
| 
| 
| Sf 
| 
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The ion rocket vehicle is effective as a space freighter, an effective- 
ness demonstrated by the comparative performance of chemical, 
nuclear, and ion vehicles, which are summarized in chart 7. 
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COMPARATIVE PERFORMANCE 
OF TYPICAL VEHICLES 


EARTH - MARS MISSION 
64,000 LB GROSS WEIGHT 
300 MILE INITIAL ORBIT 


POWER 
SECTION 
40,500 
POWER 
SECTION 
34,000 
CHEMICAL NUCLEAR 


Mr. Drxon. The freight vehicle, weighing 64,000 pounds total, is 
initially boosted to a 300-mile orbit by a chemical or nuclear rocket. 
It takes off for its mission to the Moon, Mars, or Venus from this 
orbit. If chemically powered, it will deliver a 23,500-pound payload. 
A nuclear rocket will deliver 30,000 pounds, and the ion vehicle 47,000 
pounds. The flight times for the chemical and nuclear rocket are 
approximately the same. 

or the Mars mission, the ion rocket would require 350 days’ flight 
time. In contrast, the chemical or nuclear rockets place their lighter 
payloads in orbit about Mars in approximately 260 days. 

A Mars reconnaissance vehicle has been suggested to various agen- 
cies. This has been called the Snooper project. The vehicle proposed 
is illustrated in chart 8. (Same as chart 1, p. 192.) 

The nuclear powerplant and rocket engines are in the aftersection 
which carries ce wrap-around, winglike radiators. The recon- 


naissance instrumentation is in a section forward of the small winglike 
appendages. These supply cooling to the instruments. 

other vehicle concept and a photograph of an ion rocket engine 
model, which is the objective of research projects now being conducted 
at Rocketdyne, are shown in chart 9. 


“PAYLOAD. 
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ION ENGINE PROGRAM 


(THRUST TO 0.25 L8) | 
LARGE ENGINE 
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Mr. Drxon. A rocket thrust chamber similar to this model will be 
developed and the flight test engine ready for test in 5 years. An 
engine of higher thrust will follow in another 1 to 2 years. The devel- 
opment schedule is shown in chart 9. 

The results of studies performed during the past several years 
clearly indicate that the ion rocket engine is a promising thrust-gen- 
erating device for application to outer space vehicles. Its successful 
development will be psig Ne within 5 to 6 years. 

Immediate applications for this rocket engine result from the cur- 
rent developments of high-thrust booster engines. These applications 
include low-altitude satellites, the stationary satellite in 24-hour orbit, 
and controlled satellites. 

(The summary chart is as follows :) 


SUMMARY 

Ion engine technically feasible. 

Successful development can be completed in 5-6 years. 

— applications are: Low-altitude satellite, orbital control, stationary 
sa 

Mr. Dixon. We would like to summarize our statement by charts, 
if 

he CHarrMAN. Surely. You do just as you wish, Mr. Dixon. 

Mr. Dixon. You have heard in the last several days discussions on 
the chemical rockets, the nuclear rocket, and this morning we would 
like to discuss the characteristics and applications of the electrical pro- 
pulsion devices. 


| 
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On the chart is depicted a typical electrical propulsion device in 
space. This is a type of device that has a very low thrust. It is quite 
heavy. It requires that it be brought into orbit by the chemical or 
nuclear rocket. (See chart 1, p. 192.) 

It is a type of device that will operate for long periods of time, per- 
haps for a year or 2 years. 

ssentially, electrical propulsion would be utilized for a mission 
from earth to another planet or for reconnaissance satellites. I wil] 
describe the characteristics of this device later. 

Let me offer the following comparisons: for the chemical rocket we 
visualize thrust levels up to 6 million pounds, the vehicle to be 
used for various booster applications. Performances will be approxi- 
mately 400 pounds of thrust per pound of propellant flowing per 
second, This type of system gives thrust-to-weight ratios of approxi- 
mately 100. 

The nuclear rocket will have a thrust-to-weight ratio of approxi- 
mately 30, and impulses ranging from 800 to 1,200 seconds. The elec- 
trical systems are very low thrust devices, approximately one-tenth of 
a pound to about 10 pounds. The thrust-to-weight ratio in an ion 
device is about 1 to 5,000. (See chart 2, p. 193.) 

The applications we have reviewed have shown the chemical rockets 
utilized for boosters and upper-stage applications. We visualize in 
the next 1 to 5 and 10 year period various space applications for the 
chemical rocket. 

The nuclear rocket as discussed yesterday showed very excellent 
advantages for large boosters and also upper-stage devices. The 
electrical system may be likened to a freight train. It is a low pusher, 
but it will push on the payload for a long period of time. Over a 1-year 
period, the original velocity of 2,500 feet a second can be increased up 
to 100,000 feet a second. 

Thus, the electrical system is applicable to upper stages and also for 
space vehicles. 

Let me summarize the three major types encountered in electrical 
propulsion: the plasma type, the ion, and the thermonuclear, (See 
chart 3, p- 194.) 

The plasma type is essentially one for accelerating a mixture of 
or matter that has been electrically heated or ionized to a very high 
temperature. This gas can be expanded in two ways. One is by the 
thermal means, because it is at high temperature. The other method 
is through electromagnetic means. In the latter the gas is ionized. 
It has an electrical charge and can be accelerated to very high 
velocities. 

The ion system also involves charged particles. There are two ways 
of accelerating them, electrostatic or electromagnetic, depending upon 
the type of device available. 

The greatest energy available from electrical propulsion is thermo- 
nuclear. This is essentially a fusion-type device with controlled reac- 
tion that takes place very similar to that in a hydrogen bomb. Mini- 
mum temperatures are reached which are very close to those of the 
sun. 
At these temperatures, matter is in the ionized state. Since it is 
ionized, the matter can be accelerated at very high velocities through 
electromagnetic means. This type of device is in the early research 
phase and not very much is known about it today. 


| 
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Mr. Futon. Who is doing that research work, please? Can you 
put that in the record ? 

Mr. Dixon. The program that is looking toward this particular 
area is Project Sherwood under the Atanie Kiatan Commission. 

Mr. Fuuton. What companies are working on it? You can put 
that in the record later. I would like an amplification of that. 

(The material requested is available in regular reports of the 
Atomic Energy Commission.) 

Mr. Dixon. Let us examine the concept of ionization. Mr. Fulton 
mentioned such fuels as cesium. Cesium is a type of fuel that has an 
excellent application in ion propulsion. Essentially this is a central 
atom. It consists, as we all know, of a nucleus which contains protons 
and neutrons and electrons ranged in a lattice-type structure around 
the nucleus. (See chart 4, p. 195.) 

If you electrically charge this atom, you begin to activate it to the 
point where one or more of these electrons leave. When they leave 
the atom becomes charged and we call it an ion. That is essentially 
what takes place when we use these fuels that Mr. Fulton has men- 
tioned such as cesium. 

The CuarrMan. You mean an atom minus the electrons—some of 
them—is an ion? 

Mr. Dixon. That is what we call an ion; yes, sir. Let me explain 
a nuclear rocket. This is a schematic of such a device. (See chart 
5, p. 196.) 

Nir. Furron. May I comment there. An atom giving off electrons 
is ionized. 

Mr. Dixon. That is correct. 

The Cuarrman. You wouldn’t say it the other way? You wouldn’t 
say it is an ion? 

r. Dixon. We call it an ion, but I think Mr. Fulton is correct in 
his terminology. 

The ion propulsion system consists of electrical power as mentioned 
before; a propellant such as cesium; and an ion thrust chamber. The 
electrical power system supplies the electrical energy which is used 
for ionizing the propellant and accelerating it. 

A type of device for operation in space must be self-contained. It 
must have energy. The nuclear reactor depicted on the chart pro- 
vides heat to some fluid that will flow through a turbine at high 
temperatures through an sapere cycle like a steam turbine. The 
heat exchanger on the missile actually dissipates heat by radiation. 
It will cool the material to the point that it is in liquid state again. 

The fluid is then pumped back through the reactor, where it is heated 
again in the vapor state and expanded through the turbine. Essen- 
tially this is a continuous power source for driving an electrical power 
generator. 

This generator supplies power to the ion propulsion system, Essen- 
tially we apply electrical energy to the propellant, focus the ion beam 
and accelerate it at very high velocity. 

— velocities can be up at levels of half a million feet per 
second. 

_ Now the one for the engineers is to package these components 
ina very lightweight device. 


The Cuarrman. How are they making out with that? 


202 SPACE PROPULSION 


Mr. Drxon. I will tell you about some of the designs we have. [ 
meners I can answer your question. The applications we see for 
such—— 

Mr. Fuuton. Would you hold on for just a moment. A half 
million feet a second is 100 miles a second, and that is 360,000 miles an 
hour, isn’t it ? 

Mr. Drxon. Yes. 

Mr. Fuuron. That is 3,600 times 100, which is 3,600,000 miles an 
hour, which is what you are talking about, isn’t it? 

Dr. Boven. That is correct, Mr. Fulton. 

Mr. Futon. 3,600,000 miles an hour you are accelerating these 
particles to? 

Dr. Boven. Yes; half a million feet per second is from a lower 
limit. We are looking at velocities up to 1 million and as high as § 
or 10 million feet per second. 

Mr. Furron. Are you working, as the Russians have been, about 
the speed of light or exceeding it ? 

Dr. Bopen. No, sir, we are not. We do not think this can be 
achieved, certainly within any reasonable time. 

Mr. Futon. You then disbelieve the Russians’ statement that they 
have already accelerated particles beyond the speed of light? 

Dr. Bopen. I did not say that, sir. I said we as a company are 
not looking at particles traveling at the speed of light. We do not 
feel that setialel traveling at the speed of light can be effectively 
applied as thrust generators. Too much power is required for this 
purpose. We cannot build a vehicle with that much power in it. 

Mr. Thank you. 

The Cuatrman. Proceed, sir. 

Mr. Drxon. I will leave this ion engine model for your inspection. 
If you have any questions, Dr. Boden will describe it to you. 

e CuatrmMan. Dr. Sheldon can pass the model around. 

Mr. Drxon. This represents around a quarter of a pound thrust 
actual-size ion propulsion device. This portion is the ion thrust 
chamber of the engine. 

The CHarrman. That buzzer is an indication that Congress is 
going to convene in 15 minutes. We are going to run as long as we 
can this morning, but there are some rollcalls today which we have 
to make. So go ahead and proceed as rapidly as you can conveniently. 

Mr. Drxon. The applications of the ion propulsion are several. 
One of the major applications is in satellite type control. One such 
envisions a low-altitude satellite approximately 65 miles above the 
earth’s surface. We would like to maintain the satellite in such an 
orbit for long periods of time. Utilizing the small push of an ion 
rocket, it can E kept at that particular altitude. As you know, 
at an altitude of approximately 65 miles (unless you have some pro- 
pulsion device) the satellite will eventually return to the earth’s 
surface. So, for such low-altitude areas of reconnaissance, this de- 
vice would be very attractive. (See chart 6, p. 197.) 

A satellite must be controlled when moved from one orbit to an- 
other. This propulsion device has very good applications in that 
area. A 24-hour satellite, as you know, moves with the surface of 
the earth. To keep it in one spot or to move it from one spot to 
another a propulsion device could be used. | 
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Then of course some of the future applications are for space 
freighters, moving from the earth’s orbit to, say, Mars or Venus or 
other planets. It is a slow device in the trip from here to Mars, 
which we visualize as around 350 days’ travel time. Then of course, 
applications around the moon are possible. 

The major applications in the early phases would be for satellite 
applications. Later phases could be for use in space. 

he CuarrMan. How far away is that type of engine? 

Mr. Drxon. I will tell you, sir. 

Mr. Futron. What is the limit of acceleration on an ion engine? 

Mr. Dixon. Your question: The ion engine, we believe, can be 
available in about 5 to 6 years. 

The CuatrMan. Now, Mr. Fulton’s question. 

Mr. Furtron. What is the limit on your acceleration speed using 
the ion engine ? 

Mr. Dixon. We visualize that the optimum designs of our studies 
that we have had as around 10~* g, which seems to be about the 
optimum from the awe of view of accelerating a payload in space. 

A comparison is depicted on the chart. (See chart 7, p. 198.) 

The mission is from an earth orbit of 300 miles to Mars. This is 
a space-freight-type mission, a slow operation lasting about a year. 
he ion rocket in this case gave us a hiner payload for this space- 
freight operation. Certain other type missions which we discussed 
esterday would show that the nuclear rocket looks better than the 
ion, but in this case, for specific missions, the ion is very attractive, 
in terms of allowing a larger payload in space, over the other chem- 
ical, and nuclear propulsion, devices. tn 

This chart is essentially the picture you saw before, a device we 
call Project Snooper. (See chart 1, p.192.) It isa proposed program 
essentially for reconnaissance around another planet such as Mars. 
Such an ion missile here would be propelled diieniialiy to an orbit 
about the earth. From there it would take off, say, toward Mars or 
another planet. 

This device is about the same size as this model here, around a 
quarter of a pound thrust. The whole device, including the electrical 

uipment, the nuclear eth would weigh around 4,000 pounds. 
The propulsion part, including the electrical, would be about 1,100 
pounds. (See chart 9, p. 199.) 

The remaining section can be part of the structure and the payload. 
It might be instrumented to take certain photographs and data over 
Mars to determine what the planet characteristics are. Here is an 
example of one type of device that we could see for spare application. 

The Cuarrman. Is that device coming or going’ 

Mr. Dixon. This is going, sir. You can see here we have the ion 
exhaust jet. I did not mention that we must keep this whole device 
electrically neutral. So we eject the electrons. Electrons have very 
little mass—in fact, almost none. But we eject that. 

_ At some point out in space they meet and are neutralized. That 
is the reason you see two jets. 

The equipment is located forward. This is the radiation heat 
exchanger. These are all essential—they are not wings. We call 
them radiation devices, radiators out in space that radiate heat to 
space and cool the electrical equipment and the working fluid of the 
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heat exchanger. In this case the equipment is in the forward com- 
partment. 

In terms of a schedule of such an ion program, we visualize a 
quarter of a pound thrust device in about 5 to 6 years. If there are 
larger requirements, for about 1 pound, we visualize development 
a couple of yearslater. (Seesummary chart, p. 199.) 

Mr. Fuurron. When you said the practical acceleration of the ion 
engine, did I understand 10-4 g.? That would be 0.0000315. Is 
that what you are speaking of? 

Dr. Bonen. No, sir. It would be 0.0001. You might look at it 
this way. If you have a 10,000-pound thrust vehicle. that weighs 
10,000 pounds—— 

Mr. Fuuron. 10-4 g. 

Dr. Bopen. That would be 1 pound of thrust in a 10,000-pound 
vehicle; a quarter of a pound of thrust in a 2,500-pound vehicle. 

Mr. Fuurron. Say that again? 

Dr. Bopen. Your 10-4 g is 0.0001. That is 1 pound of thrust in a 
10,000-pound vehicle. A quarter of a pound of thrust in a 2,500- 
pound vehicle. 

Mr. Fuuiron. Mathematically speaking, if you take 10-4 g, what- 
ever figure you 1 get multiplied by the factor 0.0000315. Isn’t that it? 

Dr. Bopen. No. It is 0.0001. It is the ratio of the thrust to weight. 

Mr. Futon. It is the ratio, not the 31.5? 

Dr. Boven. That’s right. 

Mr. Fuuron. Thank you. 

Mr. Dixon. In summary, sir, we visualize the ion engine is cer- 
tainly technically feasible. 

Mr. Futon. Could I just finish that? Is there a difference be- 
tween the earth gravity then at 31.5 acceleration feet per second and 
what it is in space? 

Mr. Bopen. Oh, yes. The gravitational force drops off inversely 
as the square of the distance from the earth. 

Mr. Futron. When I say 31.5, I am limiting it only to earth g’s. 
As a matter of fact, you are speaking in space—— 

Mr. Bopen. We try and take a down-to-earth view of this when 
we say the thrust-to-weight ratio is 10 to 10~, that is the thrust-to- 
weight ratio at the earth’s surface. 

Mr. Furron. So you get quite a different ratio as you move out. 

The Cuatrman. Let’s proceed with the testimony and summary. 

Mr. Dixon. The ion is a technically feasible project. We visualize 
the device can be had in 5 to 6 years, and we think the first applica- 
tions will be a low-altitude satellite, orbital control, and of course 
eventual establishment of a reconnaissance or stationary satellite that 
the country is interested in. 

The CHarrman. Thank you very much. I don’t believe I have 
asked you, sir, in reference to your research-and-development pro- 
gram. Could you give us that for the record? 

Mr. Dixon. We have a research program. We actually have a 
research model of an ion engine similar to this in a smaller size 
operating every day. We visualize, and we hope that this research 
phase will proceed to a development program. 

The Cuarrman. All right; thank you very much. 
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Now we have Dr. Daniel Bershader, manager of the Gas Dynamics 
Department of the Lockheed Missile & Space Division, of Lockheed 
Aircraft Corp. 

Doctor, we will be happy to hear from you. 

Before we do that, may I complete the record with the General 
Electric? They did not give us the extent of their research and 
development program. 

Mr. Fruenakis. On this power sources, it is quite extensive, sir. 

The CuarrMan. All purposes, research and development ? 

Mr. Fruenaxis. The research and development is quite extensive. 
As you know General Electric has a number of departments. 

he CHairRMAN. We don’t want to put you to a great deal of work, 
but if you could compile that and give it to our staff for the record 
we would like to have it. 

Mr. Fruenaxis. This will amount to around $50 million, but I have 
to indicate it. 

The CuarrMan. It is a sizable program then. 

Mr. Fruenakis. It is more than that. I cannot give an exact 

re of the size. 

The CuHarrMan. If you could get the total overall research-and- 
development program and then the amount you are spending on this 
space program, too. 

(Such information in detail has not been received from General 
Electric. However, the corresponding data also requested of Dr. 
Bershader are as follows :) 

Lockheed’s Missile and Space Division has 17 senior-type scientific personnel 
doing research and development in electric propulsion ; about 50 concerned with 


electrochemical conversion; and about 200 others in closely allied research and 
development activities. 


The CuarrMan. Dr. Bershader. 


STATEMENT OF DR. DANIEL BERSHADER, MANAGER, GAS DY- 
NAMICS DEPARTMENT, LOCKHEED MISSILE & SPACE DIVISION, 
LOCKHEED AIRCRAFT CORP. 


Dr. BersHaper. Mr. Chairman and members of the committee, I re- 
alize that the time is growing a little short and some of the other 
— have mentioned points that are pertinent to my presentation. 

I will try to be reasonably brief. 

I should mention that my own background has concerned the basic 
research phase of the subject. I, myself, do not do astronautical de- 
sign engineering, but rather attempt to increase the storehouse of in- 
formation available to such engineers. 

As a matter of fact, Lockheed, because of its interest in expanding 
our knowledge of the fundamentals underlying such applications as 
electric propulsion, sponsors a magnetohydrodynamic symposium 
every year attended by invited specialists. 

The idea behind any rocket is an old one and stems directly from 
the conservation laws of physics. Just as with the release of an in- 
flated balloon, the expulsion of gas in one direction propels the body 
itself in the other direction. So-called ion or plasma engines make 
use of electric or magnetic techniques to facilitate this process. 

41260—59 14 


206 SPACE PROPULSION 


The question then comes up—and Dr. Giannini touched on this: 
Why do we want to use electric propulsion when we already have 
chemical propulsion as a rather well-developed method, both in the 
liquid and solid propellant phases. , f 

As a matter of fact, to compare chemical and electric propulsion 
and say that one is better than the other, I think, is not very fruitful 
because in a way that is like comparing apples and oranges. These 
are different fruits and they each have their own points. 

That the two propulsion methods serve different purposes becomes 
clear if one compares them with respect to two basic performance fea- 
tures: (1) Thrust-weight ratio, and (2) specific impulse. It is a fact 
that the chemical rocket far exceeds the ion or plasma rocket with re- 
spect to thrust-weight ratio whereas the reverse is true with respect 
to specific impulse. The thrust-weight ratio is an indication of how 
easily the rocket can overcome gravity. Thus, you would, in fact, 
want to get off the earth, generally speaking, with some sort of chemi- 
cal rocket. 

Once you are.in outer space, the effect of meerey is lowered consid- 
erably but one is faced with another type of problem. You ask the 
question: How can I make these very long space journeys without 
having to carry the tremendous amounts of propellant required for 
chemical rocketry? Can I use a device which perhaps doesn’t have 
as much thrust-to-weight ratio, but can get me more for my money 
in terms of greater progress on the part of the rocket for each pound 
of propellant that is used during a given time interval. This relates 
directly to the “specific impulse,” mentioned above. 

A logical procedure would be to combine the two types of propul- 
sion, using a chemical rocket to attain, let’s say, an earth satellite 


orbit. Then use an electric type of propulsion or something with an 


uivalent specific impulse to go from, let’s say, an earth orbit to a 

ars orbit. 

To deliver a certain payload, let’s say 1 ton, into a Mars orbit from 
an earth orbit, it would take much less original weight if you use elec- 
tric propulsion because of the higher specific impulse. At the same 
time you would want to use some chemical method to reach the earth 
orbit initially. 

Now, the fact that the electric rocket has a small thrust-to-weight 
ratio—as a matter of fact, the value of 0.0001 g is commonly accepted— 
has certain advantages because such small accelerations will aid in 
vehicle control on particular space journeys. You may, for example, 
desire a rendezvous with another craft in a particular satellite orbit, 
Careful control of flight path, and therefore of acceleration program- 
ings is important in this instance. 

nough on that particular point. Let us return to the principle of 
electric grain, I have given discussion on this subject in my 
prepared statement. I would like also to mention that the basic ideas 


involved here are not new either. Physicists have worked with electron 
and ion accelerators for many years. The cyclotron and other types of 
accelerators are in fact beams of ions or electrons as the case may be, 
streaming through a designed enclosure. If the design were such as to 
make use of their momentum and thrust in one direction to propel a 


vehicle in the other direction, you would in fact have had the electric 
type rocket some time ago. 
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As a matter of fact, the television picture tube has a great deal of 
similarity to an electric rocket, because electrons are being boiled off 
the filament and subsequently accelerated by a high voltage electrode 
farther down the tube. This pulls electrons to a directed beam to im- 
inge on the screen and produce the observed luminescence. 

In the case of the rocket, it is not electrons. With the electric rocket, 
it is, let’s say, cestum ions, which has been mentioned as a very good 
type of propellant. These stream out of the rocket nozzle after being 
accelerated and produce thrust. 

Mr. McDonovcn. Why are cesium ions good propellants ? 

Dr. BrersHaper. Because the cesium atoms are easy to ionize. 
Cesium, potassium, and sodium are in the so-called alkali metal series. 
Their atomic structure is such that one loosely held electron is found 
wandering around the outer shell. It is not too much trouble to detach 
it completely and thus produce an ion. 

The cesium atom comes out of an atomic boiler like vapor from a 
teakettle. It then can be made to strike a hot tungsten surface—tung- 
sten happens to be a good surface for this purpose—resulting in what 
is called contact ionization. Accelerating electrodes are used to pro- 
duce a directed beam in the thrust chamber. 

The Cuarrman. You use that because it breaks down easily ? 

Dr. Bersnaper. That’s right, Mr. Brooks. 

A very schematic diagram of the ion rocket has been given in my 
statement. 

I want to differentiate a little bit between the ion and plasma rocket. 
In the case of a plasma rocket one does not have a beam of singly 
charged particles the way one does in an ion rocket, but one has mate- 
rial that has been heated suddenly to a high enough temperature to 
ionize it. It takes energy to ionize a gas and thermal energy can do it, 
if the temperature is high enough. 

A good way to produce ionization is to promote a strong dischar 
between two electrodes as shown in the second schematic diagram in 
my prepared statement. This heats _ the gas sufficiently so that some 
electrons and some ions are formed. In the plasma case, as opposed to 
the ion case, the gas is neutral as a whole, but because of the thermal 

ressure buildup, the gas will stream out of the rocket, giving some 
initial thrust. Then, as some of the other speakers have indicated, one 
can further accelerate the plasmatic gas by electromagnetic means. 

I would like to give a brief example of what I mean. It does not 
concern a rocket design. This is a laboratory experiment that has 
been performed at Lockheed and several other places, in which one 
has what is called a T-tube. (See fig., p. 208.) Two electrodes attach 
to some high-voltage energy storage utilizing condensers. By proper 
switching arrangements, one can produce a very strong spark between 
these two electrodes and very high current flows for a short time. 
This, again, is a laboratory experiment, not a rocket chamber design. 

But now the idea is this: There are many thousands of amperes 
flowing for a small fraction of a second. As part of the spatial ar- 
rangement, there is a “backstrap” very close to the end of the T-tube. 
Since the circuit is a closed one, the strap current and plasma current 
are oppositely directed. 

Now, the basic laws of electricity predict that two wires carrying 
currents in opposite directions repel each other. Here, the backstrap 
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current “repels” the plasma and drives this gas down the tube, thus 
adding an effective pressure to that which already exists. 

ee . cDonovueH. You mean that is the basic principle of an ionized 
rocket 

Dr. Brrsnaper. It is in a sense a basic principle of a plasma rocket, 
sir, rather than an ionized rocket. 

Mr. McDonoven. Propulsion, though, that will give you the for- 
ward thrust. 

Dr. Bersuaver. That is right. The reason that the plasma rocket 
is of considerable interest is that one deals with a be? new science 
here, a combination of mechanics and electricity and magnetism 
which has been given the pane name of magnetohydrodynamics, 
A good deal has yet to be learned about it from a basic point of view 
before we can assess the applications with better perspective. 

That is all I have tosay, gentlemen. Thank you. 

(The figure referred to is as follows:) 
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(The prepared statement of Dr. Bershader is as follows :) 


INTRODUCTION 


Extension of space flight beyond points in the near solar system will require 
a propulsion method having higher performance than the chemically powered 
rockets with which we are familiar. Schemes which are in the general category 
of electromagnetic propulsion have been suggested. 

Indeed, this field is a fruitful one for the imaginative astronautical engineer. 
The basic physical features of an electromagnetic propulsion system are different 
in principle from the chemical type in that electrons are stripped from the atomic 
particles of the propellant, thus destroying their electrical neutrality. 

The resultant material, consisting of large numbers of free electric charges, 
can be accelerated from an exhaust nozzle by properly located electric/magnetic 
field forces. The reaction to such change in momentum of the charged particles 
or ions, is an impulse which propels the space vehicle itself in the opposite direc- 
tion. Two somewhat different versions, the ion engine and the plasma engine, 
will be discussed later. 

Our understanding of the intrinsic physical behavior of such systems is still 
somewhat primitive. This stems from the complexity of the behavior to be 
expected when a combined form of two major disciplines—namely, fluid mechan- 
ics and electricity—is required for its description. It stems as well from the 
difficulty of performing appropriate laboratory experiments with proper simula- 
tion and control of parameters. There exists a clear need for further research 
and development. 


MAJOR PERFORMANCE FEATURES OF ION AND PLASMA ENGINES 


A comparison of some characteristics of chemical and electromagnetic engines 
is given in the table: 


Maximum | Thrust- 
Engine specific weight 
impulse ratio 
(sec.) 


The numbers can be considered as typical. 

Now, the thrust-weight ratio is a measure of the acceleration of the vehicle 
in the terms of the acceleration of gravity, denoted by “g.” To leave the ground 
and reach sizable velocities in a reasonably short time, the chemical engine is 
needed. Once the vehicle is reasonably free of planetary gravitational fields, 
only very small thrusts, corresponding for example, to 10~* g, are needed for 
control of the motion. 

On the other hand, if it is desired to maintain a satellite motion at relatively 
low altitudes, such as around 200 miles, only a small thrust is necessary. It 
takes only a small thrust to counteract the small amount of drag due to the 
very thin atmosphere, or other possible causes, such as electromagnetic drag. 
Given enough time, appreciable velocities may be achieved in spite of the small 
acceleration. Thus, low-thrust engines may be useful in a number of other 
applications, such as orbital transfer and rendezvous operations, as well as 
interplanetary travel. 

The high specific impulse associated with the electromagnetic engine implies 
a highly effective usage of the available propellant material. This is clearly of 
importance for extended orbital operations or long space journeys. One cannot 
afford to use up too much material in a given period of time in such applications. 

High-performance, low mass-loss operation is a result of maximizing the ejec- 
tion velocity of the propellant particles. Preliminary experiments performed at 
the Lockheed Scientific Research Laboratory and elsewhere indicate that elec- 
tromagnetically ejected particles can be given velocities 50 to 100 times higher 
than the material exhausted from chemical rocket engines. Thus it is evident 
that, in a sense, chemical and electromagnetic propulsion are not in competition, 
but in a complete space flight operation, they would complement each other. 
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DESCRIPTION OF ELECTROMAGNET ENGINES 


First, let us consider the so-called ion engine. 


PROPELLANT INJECTION 


| 
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The most suitable source material appears to be one of the active alkali metals 
such as cesium. It takes a comparatively low energy to remove the most loosely 
bound electron from the cesium atom and thus ionize it. Probably liquid cesium 
from a storage tank would be injected into a hot chamber, producing vaporiza- 
tion. The vapor would then flow through suitable nozzles and impinge on hot 
surfaces, possibly made of tungsten, producing contact ionization. 

A combination of a baffled arrangement and local electric fields would maxi- 
mize percentage of ionization. A large negative voltage applied to an accelerat- 
ing electrode in the form of a grid or honeycomb speeds up the positive ions 
after which they are ejected. There is a problem of maintaining overall elec- 
trical neutrality on the vehicle. 


| 
| Gein 
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Because of this, it appears desirable to include a thermionic electron emitter 
(a heated filament or surface of some sort) to eject negatively charged elec- 
trons. There are, of course, many questions of engineering design which arise. 
One in particular is the possibility of space-charge effects adversely affecting the 
jon acceleration between electrodes. Again, the need for further laboratory 
research is implied. 

Although the ion engine just described might be termed an “electric device,” 
the plasma engine is more truly electromagnetic. One starts with some suitable 
gas which upon entering the pressure chamber is suddenly heated by a high 
current arc discharge between strategically placed electrodes, or by a high 
current induced a strong electrical pulse through a coil which surrounds the 
chamber. Under such conditions, a substantial portion of the gas is ionized 
The term “plasma” applies generally to such mixtures of ions, electrons, and 
residual neutral atoms. 

By strategic placement of electrodes and auxiliary accelerating magntic fields, 
it is possible to accelerate the plasma through an exhaust nozzle, thereby pro- 
viding the desired thrust. The plasma device has the advantage of avoiding 
the space-charge problem since the material is neutral in the discharge chamber. 
It is likely that the plasma engine would be smaller than the ion engine. 


POWER SUPPLY 


The problem of power supply and energy conversion is a critical one for electro- 
magnetic engines. The figure of %o.000 thrust-weight ratio implies that ap- 
proximately 10,000 pounds of power supply are needed to produce 1 pound of 
thrust. The most promising source of energy is a nuclear reactor which would 
use either liquid sodium or helium as a working fluid. Heat carried by the fluid 
could be used to operate a turbine generator to supply electrical energy vaporiza- 
tion, or ionization, as required. Such a powerplant has considerable inert weight 
and is still undesirable in spite of recent improvements in design. 

An improved version which is undergoing considerable developmental effort 
makes use of a nuclear reactor to heat thermionic cells. Such cells when heated 
produce electric currents, thus generating the electric power required for electro- 
magnetic propulsion. 

Again, a fluid could be used for the heat transfer, but attention is being 
devoted to use of radiative heat transfer. The arrangement here would have 
the nuclear reactor inside a shell the outside surface of which consisted of 
thermionic cells. This has the added advantage of dissipating excess heat. 


MAGNETOHYDRODYNAMICS 


The term “magnetohydrodynamics” has been used to describe the science 
underlying the basic behavior of plasma rockets. It is applied to other tech- 
nological activities also, especially in the research under Project Sherwood, the 
program designed to make useful thermonuclear power a reality. It is the name 
given to the rather complex combination of fluid dynamics and electromagnetics 
needed to describe the motion of conducting fluids in rocket nozzles or elsewhere. 
Only within the last few years has this field received systematic attention on 
the part of research groups. 

In fact, the schematic diagram illustrating the plasma rocket approximates a 
geometry that is being tested in the Lockheed laboratory. A sudden discharge 
from a high-energy condenser bank produces a strong spark between the central 
electrode and the second ring-shaped electrode. The discharge takes place in 
rt millionths of a second, during which the working gas is heated and 
onized. 

Instead of an open-end rocket nozzle as shown, the laboratory experiment per- 
mits a strong shock wave to travel down a closed tube, previously evacuated 
to a low pressure. The shock wave is a strong pressure wave, but it is followed 
A ype material, including some that was evaporated from the electrode 


Because of the intense luminosity radiated by the hot material behind the 
shock waves, speed of the plasma can be monitored by a very high-speed cam- 
era (exposure time one-twentieth of a millionth of a second). In such experi- 
ments, speeds approaching 200,000 miles per hour have been observed, giving 
further verification that plasma propulsion schemes yield the very high specific 
impulses described earlier. (Final velocity of the ejected particles is a direct 
measure of the specific impulse. ) 
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In another laboratory experiment performed at Lockheed, a wire is made to 
explode by an appropriate discharge, the evaporated wire material then Serving 
as the working plasma. Thrust measurements have been made on a laboratory 
seale, indicating an efficient conversion of energy. 

Evaporation of electrode material itself probably contributes to the plasma, 
Other special phenomena take place, including the so-called pinch effect, vari- 
ous types of instabilities, and new types of wave motion over and above the 
usual sound and shock waves. In any given engineering design, one or more 
of these phenomena can play a role which affects the successful performance in 
a critical fashion. 

It should be stressed, then, that fundamental research in magnetohydro. 
dynamics, in addition to development of engineering designs, requires a high 
level of support. The research program at Lockheed and several other labora- 
— reflects this need, as does our annual Symposium on Magnetohydrody- 
namics. 

FINAL REMARKS 


The field of electromagnetic propulsion shows considerable promise for satel- 
lite and space vehicle applications. It complements chemical propulsion which 
is still needed for getting the craft off the ground. 

Ion engines appear to have reached some working state of development, with 
more work required for improved performance, especially in the power supply. 

Plasma engines are in a more primitive stage of development. Although they 
show much promise in principle, more research on fundamental magnetohydro- 
dynamics is prerequisite to more systematic progress in this area, 

The CuHarrman. Thank you very much, Doctor. 

I am going to call on Mr. Y. C. . We can hear Mr. Lee. He 
is our last witness. Then if we want to ask any questions we would 
have to let this go over until tomorrow because there are going to 
be several rollcalls this afternoon. We will just simply be chopping 
this up every few minutes. 

So we will call on Mr. Lee, director of corporate research of the 


Aerojet-General Corp. from California. 


STATEMENT OF MR. Y. C. LEE, DIRECTOR OF CORPORATE 
RESEARCH, AEROJET-GENERAL CORP. 


Mr. Ler. Thank you, Mr. Chairman. First of all, I would like to 
say I don’t want to burden you gentlemen with the technical details. 
I have a three-volume dissertation, technical details on electrical pro- 
pulsions systems. It is classified “Confidential.” However, I believe 
it is appropriate at a later time to submit to the committee for con- 
sideration. I have talked with Dr. Sheldon on this. 

The Cuarrman. I agree with you, Mr. Lee. I feel this way, that 
we are not scientists and if a member of the committee wishes to 
get deep into the technical formulas of science, perhaps we better 
arrange for him to do it on the side, rather than the full committee. 

Mr. Lzr. Yes, sir. So in the interest of time I think you gentle- 
men will be interested in three things actually. These three things 
are: Why do we need an electrical propulsion system? Secondly, 
what kind of electrical propulsion system do we need in the light 
of our space programs both from the standpoint of defense as well 
as scientific exploration. Thirdly, I would like to point out, how are 
we going to achieve this objective? I think previous speakers have 
indicated why electrical ie ewe systems. I would like to add 
just a few words on this. think we have a requirement today 
which needs the electrical propulsion system at this moment. 
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For example, the communications satellites, the weather satellites, 
either military or scientific, they need an attitude control system. 
They need to be able to operate for a long duration, a year, pos- 
sibly more. Because of these factors we need electrical propulsion 

tems. The technical reasons why, namely, they have very high 

ific impulse, their weight of propellants is less than other types 
of propulsion systems. ay 
other thing I would like to mention, militarily speaking—again 
I don’t think this is in the area of security—is if a satellite is to be 
used for military means, it must be able to change its orbit on com- 
mand. At the present time our satellite is going around the earth 
and the orbit is completely predictable. If it is completely pre- 
dictable, it is militarily not too useful. Therefore we must have 
an electrical propulsion means to change the satellite orbit on com- 
mand for military use. 

So with this introduction I think it is pretty well agreed upon we 
need electrical propulsion systems which can give you high specific 
impulse, and corresponding long duration of operation. 

he next thing I would like to pe! is what systems are we talking 
about, and in particular what kind of system so far as our Government 
is concerned should their money be put into? You have heard our 
colleagues from California discuss ion propulsion and discuss mag- 
netohydrodynamic acceleration, discuss plasma jet. I think there 
are some criteria you gentlemen probably would like to know. The 
No. 1 criterion is: How many pounds of thrust can you get in relation 
to the total weight of the system; to put it in the technical language, 
it means the net acceleration of the system. In other words, it is 
the thrust-to-weight ratio of the system. 

This is a number that is important because if the number is too 
small, it means you take a long time to accelerate your payload, to 

t where you are going. This may not be useful, particularly if you 
talk about manned systems, and there is an optimum. If you take 
too long to get there, the time required and the weight required to 
support a man may overcome the usefulness of such a propulsion 

stem. 
her example, ion propulsion system, I think, as has been mentioned, 
has a thrust-to-weight ratio of 10 to the minus fourth. This means 
you have 1 pound of thrust for each 10,000 pounds of weight. You 
can compute that it would take you something about 350 days—a 
year roughly, for a Mars mission. We talk about lunar missions. 

Obviously this kind of system with a 10 to the minus fourth g is 
not very useful for a lunar mission. So the No. 1 criterion is: How 
many pounds of thrust can you get in relation to total weight ? 

Secondly, is the system reliable? One thing you can say is that 
you certainly don’t want a system that is operating at high tempera- 
tures, say temperatures on the order of 1,500° F. or 2,000° F. in the 
case of ion using cesium, because you can’t have material operating 
at those temperatures fora year. It isnot reliable. 

No. 3 question: How much power you need in order to accelerate 
your ions. We are talking about accelerating ions to half a million 
feet per second. I think Mr. Fulton indicated that acceleration on 
the order of 1 mile per second is very high. To accelerate to that 
high speed you need high power. 
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The Cuatrman. Mr. Lee, I am very pa but here is what you 
are running intonow. There isa rollcall on the floor. These members 
here are getting restless because this is the second bell. That is the 
last bell to make the rolleall. We are due to have several this after- 
noon. We haven’t really given you a fair opportunity to present 
what you are doing in such a capable manner. 

Mr. Ler. Thank you, Mr. Brooks. 

The CuHarrman. We have no alternative, though. They moved 
the opening of Congress up this morning from 12 to 11. We didn’t 
know about it. 

I suggest this: We have a very heavy schedule in the morning, 
too. I am going to suggest that our technical director, Dr. Sheldon, 
meet, with you gentlemen, if you have the time. You can meet 
right here. Our technical director, together with those that he needs 
to help him, might go over this and elicit the questions that the 
committee might otherwise ask you. 

In that way we will preserve your testimony for the use of the com- 
mittee. We would appreciate it very much if you would cooperate. 

Mr. Miter. Mr. + sapere may I say I am very happy to see Mr, 
Lee here. Where are your headquarters, Mr. Lee? 

Mr. Ler. In Azusa, Calif. 

Mr. Mitter. And tosee Dr. Bershader who comes from Stanford. 

The CHatrman. Well, California is well represented here in wit- 
nesses and on the committee, too. 

(The prepared statement of Mr. Lee is as follows:) 


I. INTRODUCTION 


A. It appears appropriate to discuss electrical propulsion systems on the 
basis of 

1. Brief description of the electrical propulsion systems currently contemplated. 

2. Some applications to space systems for national defense and scientific explo- 
ration. 

3. The present state of the art. 

4. Conclusions and recommendations. 


II. DESCRIPTION OF THE ELECTRICAL PROPULSION SYSTEMS, APPLICATIONS AND 
PRESENT STATE OF THE ART 


A. The electrical propulsion systems can be essentially divided into charged 
particle systems and plasma systems. The charged particle systems may include 
the ion propulsion system and charged colloidal propulsion system. The plasma 
system may include the plasmajet and a plasma acceleration propulsion system. 

These systems consist of essentially a nuclear power source, conversion equip- 
ment to convert nuclear energy into electricity, the thrust device which includes 
the sources, the focusing device, acceleration device, and neutralization device. 

All electrical propulsion systems are characterized by low specific thrust, high 
specific impulse, and its capability of long-duration operation. Because of their 
low specific thrust, defined as thrust-to-weight ratio of a propulsion system, these 
propulsion systems are necessarily restricted to space applications. In other 
words, they cannot perform the task of takeoff from earth. 

B. One of the most popular electrical propulsion systems is an ion rocket using 
one of the alkali metals, usually cesium because of its ease of ionization. Cesium 
has been used for experimental work in the laboratory. However, its availability, 
and therefore cost, makes it doubtful for use with a flyable propulsion system. 

A major requirement for the development of an ion source probably will use 
other alkali metals, capable of operation over a long period of time. It can be 
shown that for an ion rocket the optimum specific impulse occurs at about 
10,000 sec, with a corresponding specific thrust value of approximately between 
10-3 g. and 10-* g. Other problems associated with ion rockets are those of 
focusing the ion beam, or, to put it differently, of getting the beam out of the 
rocket in the direction and with the velocity required. 
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If it is visualized that the ion beam having currents up to 100’s of amperes, 
it represents a problem of considerable magnitude. Problems of space charge, 
erosion of the electrodes, operation at elevated temperatures for long durations, 
and the maintenance of the electrical neutrality require investigation on a much 
larger scale than has been to date. 

CG. Because of these problems and particularly the high-temperature problems 
associated with ion propulsion, consideration of charged colloidal propulsion 
appears promising. Currently, Aerojet is performing research on a charged 
liquid colloidal rocket. These microscopic liquid particles are many orders 
of magnitude larger than ions and have a much smaller charge-to-mass ratio. 

Laboratory investigations of the charged liquid colloidal source have shown 

a specific impulse of about 2,000 sec, can be obtained with a corresponding specific 
thrust value of about 10° g and 10° g, although the theoretical limit is about 
8,000 sec. 
The chief advantage of the charged liquid colloidal system lies with the 
reliability which results from the low-temperature source. Also, the use of 
the charged liquid colloidal system will reduce the power requirements per 
pound of thrust. 

Therefore, it is capable of delivering larger thrust and higher specific thrust 
for a given energy source at reduced weight. It appears that the problems of 
focusing, aceleration, and neutralization are much easier to solve. It is antic- 
ipated that with adequate funding a charged liquid colloidal propulsion 
system could result in a flyable prototype in a period of approximately 5 years, 
based upon the current technology of nuclear power source and conversion 
equipment. 

Insofar as ion propulsion is concerned, current state of the art indicates that 
high-temperature source is feasible. However, a high-temperature source is 
not considered reliable from the standpoint of reliability because of operation 
at elevated temperatures and for long durations. 

D. The plasma systems have not been as precisely defined as the charged 
particle systems. The plasmajet which utilizes an electrical are to heat the 
gases to extremely high temperatures has been demonstrated in the laboratory. 
The high-temperature gases can then be directed to produce thrust by hydro- 
dynamic expansion. 

With the plasmajet, it appears feasible to obtain a specific thrust value of 
approximately 600 to 800 sec, with a corresponding specific thrust value of 
about 10° g to 10° g. The accelerated plasma system is less defined than any 
of the other electrical propulsion systems. 

Although some laboratory experiments have been conducted to accelerate a 
plasma by the use of magnetohydrodynamic techniques, it is generally agreed 
that there is considerable doubt as to its practicability as well as feasibility. 

Obviously, there are considerable material problems in handling gases at 
extreme temperatures for the plasma systems. In any case, there is much 
experimental work to be done to explore the possibilities of the plasma system. 
These investigations will necessarily be of a fundamental nature. 

E. From discussions indicated above, it appears that each of the systems 
discussed has its distinct area of application. Insofar as ion propulsion is con- 
cerned, it is only useful for interplanetary space missions. This is because of 
its relatively high specific impulse and low specific thrust values. 

By the same token, the charged colloidal propulsion system has its distinct 
area of application for satellite and lunar missions, and possibly interplanetary 
missions. This is because of its capability of relatively high specific impulse 
and relatively high specific thrust values. 

For example, it is visualized that the charged colloidal propulsion system can 
be used for attitude control connected with a communication and a weather 
satellite. In addition, from the standpoint of national defense, a satellite 
should have the capability of changing its orbit on command. This capability, 
it appears, can best be obtained by the use of a charged colloidal system. 


III. CONCLUSIONS AND RECOMMENDATIONS 


A. It is generally agreed that a need of an electrical propulsion system is well 
established and that they are a definite necessity for long-duration operation in 
space. In particular, the need of an electrical propulsion system to effect atti- 
tude control as well as orbit changing is of prime importance. 

Common to all the systems is the requirement for a lightweight, highly 
efficient, nuclear powerplant. In appreciation of the extreme importance of 
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weight and efficiency of the nuclear powerplant, it can be shown that approxi- 
mately 90 percent of the overall system weight is represented by the nuclear 
reactor, conversion equipment, radiator, and other associated components, 

Therefore, the development of such nuclear powerplants should be accelerated 
with the utmost vigor. The next area requiring added effort is the investigation 
of the thrust-producing system on an integrated basis. This means a technical 
development program to investigate the problems and interplay associated with 
the sources, focusing, acceleration, and neutralization with a view to obtain 
design parameters for a prototype. 

Another area requiring accelerated effort is direct power conversion methods. 
Direct conversion methods offer potential advantages in reducing system weights 
and improving system reliability. A further requirement is the need for a nu- 
clear reactor which incorporates a thermionic or thermoelectric converter. To 
place increased emphasis on research and development of direct conversion 
methods is essential. 


B. Finally, it appears appropriate to indicate that although there is no evidence 
that Russia is ahead of us in electrical propulsion systems, it is a safe assump- 
tion that they are. If this assumption is accepted, an integrated technical devel- 
opment program leading to a flyable prototype should be initiated at the earliest 
possible date. It can be said we have requirements today that will have definite 
needs for this kind of propulsion systems in the next 3 to 5 years. 

The Cuarmman. The committee will stand recessed until tomor- 
row morning at 10 o’clock. 

(Whereupon, at 11:15 a.m., the committee recessed, to reconvene at 
10 a.m., Friday, March 20, 1959.) 

(The following testimony was given before Dr. Charles S. Shel- 
don IT, technical director of the committee, representing the full com- 
mittee in its absence. ) 

Mr. Lex. Another criterion is the problem area associated with any 
of the electrical propulsion systems. In a sense, whether or not they 
are easy or difficult to resolve. 

Based upon the aforementioned four criteria, it appears: 

1. As far as ion propulsion is concerned, it has a high weight with 
a relatively low thrust. 

2. It is operating at elevated temperatures, thereby it appears to 
impair its reliability. 

3. It requires high power. This implies a large nuclear reactor, 
heavy weight. 

4. It implies the problems associated with high ion current, focusing 
problems, acceleration problems, and space charge problems, and space 
neutralization problems which are difficult to resolve. 

The same unfavorable conditions apply to the plasma systems. 
This plasma system could be a plasma jet or a plasma jet accelerated 
by the technique of nagnetohydrodynamics. They have the same dis- 
advantage as the ion propulsion systems, particularly from the stand- 
point of high temperatures. 

There is one electrical propulsion system that has not been mentioned 
by any of the previous speakers, nor does it 5S very extensively 
in literature. This is the propulsion system known as the charged 
colloidal propulsion system. 

At my company, Aerojet-General Corp., we have been performing 
research on the charged colloidal propulsion system on a company- 
support basis. We are currently negotiating with the military to 
obtain a research contract. 

Our laboratory results to date indicate that the charged liquid 
colloidal propulsion system has relatively low weight per pound of 
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thrust. In fact, it is capable of delivering tens or hundreds of pounds 
of thrust, rather than quarter of a pound of thrust in case of the ion 
propulsion. 

e charged colloidal propulsion is operated at low temperatures— 
in fact, ambient temperatures. Thereby it is considered reliable, and 
it does not require acceleration to high velocities, and therefore it 
minimizes the power requirement and therefore weight. 

The problem associated with the colloidal propulsion system is also 
easier to solve because of the lower acceleration, higher voltage re- 
quired. Therefore it appears if we are to make a choice as to where 
to spend our national dollars, it is my personal belief that the charged 
colloidal propulsion system is one in which we can resolve the problems 
of obtaining a prototype—in fact, a flyable prototype—in 3 to 5 years. 

In conclusion, I would like to say some of the electrical propulsion 
systems are not well defined. They need support on the basis of 
fundamental research. Some of the other electrical propulsion systems 
are well along from the standpoint that it has been demonstrated 
ina laboratory as to its feasibility. 

In particular, we feel the charged colloidal propulsion system is 
one in which it does not require scientific ony ai and it can be 
developed in 3 to 5 years by a relatively extensive technical develop- 
ment program in which the problems of power supply, conversion 
equipment, power supplies, and thrust device can be investigated on 
an integrated basis to obtain design parameters leading to the 
prototype. ; 

It can be used for satellite and lunar missions, for guidance and 
control, as well as propulsion. 

Finally, it appears appropriate to say that, although there is no 
evidence that Russia is ahead of us in electrical propulsion systems, 
it is a safe werpon. are that they are. If this assumption is accepted, 
an integrated technical development program leading to a flyable 
prototype should be initiated at the earliest possible date. 

Dr. Grannrnt. At the Plasmadyne Laboratories we have operating 
plasma-accelerating devices every day. In fact, we have made and sold 
approximately two dozen of them to industry, including North Amer- 
ican, Aerojet, Thiokol, GE, Douglas, and so forth. 

To our Cccwriedne the plasma accelerators are in operation today 
for experimental purposes in all of these places that we have made. 
In other words, we made more practical devices that work, and sold 
them, than anybody else. 

(End of supplemental testimony.) 
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House or REPRESENTATIVES, 
COMMITTEE ON SCIENCE AND ASTRONAUTICS, 
Washington, D.C, Friday, March 20, 1959. 


The committee met at 10:05 a.m., in room B-214, New House Of- 
fice Building, Hon. Overton Brooks, chairman, presiding. 

The CuHatrman. The committee will please come to order. 

We are continuing this hearing on propellants and we have Mr. 
Richard J. Coar, chief engineer, Pratt & Whitney Aircraft, Florida 
Research and Development Center, at West Palm Beach, Fla., here 
today to talk on the special problems of hydrogen-fueled rockets. 

Then we have a group of witnesses who wish to be heard in execu- 
tive session following this. However, we want to hear these people, 
first. 

Mr. Coar, do you have a prepared statement? 


STATEMENT OF RICHARD J. COAR, CHIEF ENGINEER, ADVANCED 
PROJECTS, PRATT & WHITNEY AIRCRAFT DIVISION OF UNITED 
AIRCRAFT CORP. 


Mr. Coar. Yes; I do. 

The Cuarrman. Would you wish to proceed with your prepared 
statement ? 

Mr. Coar. Yes. 

Mr. Dapparto. Mr. Chairman, before Mr. Coar proceeds, I would 
like to welcome him in behalf of the committee. This company which 
he represents is a company from my district in East Hartford. It is 
a subdivision of United Aircraft. Pratt & Whitney certainly is the 
type of industry which we are proud of in Connecticut and which I 
think we should be proud of in the country. 

It started back in 1925 with just a dozen people without any Gov- 
ernment subsidies, without any Government assistance of any kind, 
but just an idea of what the air age was about, and with faith in 
themselves. They operated out of a tobacco warehouse, and from that 

lace they developed an engine which they first sold to the Navy. 

en, over the course of time they developed it to the point where 
today the company employs in Connecticut, in four different commu- 
~~ and in Palm Beach, Fla., something in the vicinity of 55,000 
people. 

This is a great success story insofar as American industry is con- 
cerned. I am certainly very happy to welcome them here, and I am 
looking forward, as I am sure the committee will, to the information 
they will give us. 
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The Cuarrman. Thank you. I want to say this. I know some- 
thing of that to which Mr. Daddario refers. I had the privilege of 
visiting and inspecting the Pratt & Whitney Aircraft Center in Hart- 
ford during World War II. I haven’t seen it since then, but I have 
a pretty good idea of the magnitude of the work that is being 
done there. 

Mr. Coar, if you will proceed. Do you have extra copies of that 
prepared statement ? 

Mr. Coar. I have copies for the committee, sir. 

The Cuarrman. Fine. 

Mr. Coar. We have been asked by your committee to discuss the 
field of hydrogen rockets. I will try to give you our thoughts on 
this subject. 

Considering that hydrogen makes up more of the universe than 
any other element, it is not strange that for many years we have 
been discussing its use in space rocket systems. United Aircraft has 

‘been active in a major way for the past 5 years, both studying the 
application of hydrogen to missile and space systems and also re- 
ducing to practice the results of this work. In examining various 
rocket missions we have found that the substitution of hydrogen for 
conventional fuels will, as a rule of thumb, double the payload of 
the system. 

You are aware that the a booster is the most expensive 

art of any space rocket system. panomnn taeled upper stages can 
increase the payload and can make feasible otherwise impossible mis- 
sions with a given boster. We believe that this ability is significant to 
the national economy. 

For example, our studies indicate that a nydroge upper stage on 
one of today’s existing boosters can place in a 24-hour (22,000 mile) 
orbit over t times the payload of a conventional upper stage. 


Figure 1 
RELATIVE PAYLOADS FOR 
24 HOUR SATELLITE 


CONVENTIONAL PAYLOAD HYDROGEN 
UPPER STAGE UPPER STAGE 


EXISTING BOOSTERS 
EQUAL GROSS WEIGHTS 
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The CuairmMan. Dr. Sheldon, did you want to come up here and 
have a seat in one of these seats where you can see? I imagine if you 
are writing a report, you will want to see these charts. 

Mr. Coar. Looking at another problem, that of sending around the 
moon and back to earth a manned vehicle capable of reentering the 
earth’s atmosphere, the advantages of hydrogen upper stages are again 
apparent. Here we see that with two hydrogen upper stages, a lar 
booster stage such as that recently put under development by ARPA 
or NASA is adequate to put a one- or two-man vehicle around the 
other side of the moon. 

FIGURE 2 


EARTH AROUND MOON AND RETURN MISSION 


UPPER STAGE 


IMPULSE 
450 
SIX MAN 
VEHICLE 
330 
PAYLOAD 
ONE MAN 2 UPPER STAGES 
VEHICLE HYDROGEN 
2 UPPER STAGES 
CONVENTIONAL 


EXISTING BOOSTERS IN FUTURE 
BOOSTERS DEVELOPMENT BOOSTERS 


Mr. Coar. It would require clustering several of these boosters to 
accomplish this mission with lower energy upper stages. On the other 
hand, two hydrogen upper stages on such a booster cluster could put a 
sizable vehicle around the moon and return. 

The Cuarrman. What do you mean by a sizable vehicle? 

Mr. Coar. Something that might carry six men, that order or 
magnitude. 

We should also note that this six-man vehicle could accomplish 
this same mission with one hydrogen nuclear upper stage, using a 
single booster of the size now under development. These examples 
are not necessarily typical with respect to mission, but they are typical 
of the performance gains possible with hydrogen-fueled rocket 
engines. 

n chemical rockets, hydrogen, in combination with fluorine or 
oxygen, provides about a 40-percent improvement in specific impulse 
over the conventional LOX (liquid oxygen)-kerosene combination. 
In spite of the low density of liquid hydrogen, and attendant large 
tank volumes, this better fuel economy gives the magnitude of payload 
improvement we have discussed. 
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Hydrogen’s impulse is only slightly higher with fluorine than with 
oxygen, and there may be some missions which require exploiti 
this slight advantage. It wouwkd seem doubtful, however, that the 
hazards introduced by fluorine’s toxic and corrosive qualities should 
be risked in any man-carrying mission. 

In nuclear rockets, ae has a specific impulse well over 
twice that of any other working fluid. At probable reactor operating 
temperatures, the specific impulse of nuclear rockets using hydrogen 
will be double that of the best chemical systems. 

In the development of earthbound rocket systems such as the 
ICBM, the performance gains possible with hydrogen engines have 
not been essential to accomplish the task, although the payload-to- 
gross-weight ratio could have been improved. 

However, now that we are entering the space arena, and talking 
seriously of ars | man into space, the use of hydrogen makes it 
possible to accomplish more complex missions and to satisfy more 
difficult payload objectives with economical boosters. 

The advantages of hydrogen for rockets have been well known 
for many years. But until recently hydrogen has been considered 
a “theoretical” fuel rather than a practical one. There have been 
many who felt that liquid hydrogen could not be produced economi- 
cally, that it could not be stored, that it could not be readily trans- 
ported, and that it could not be safely used. 

United Aircraft’s serious work in the liquid hydrogen field began 
in 1955, involving parametric propulsion system studies and research 
for the U.S. Air Force. Later, the Pratt & Whitney Aircraft Divi- 
sion was requested by the USAF Air Research and Development 
Command to undertake a major liquid hydrogen propulsion feasibilty 
program. 

This work was initiated at our Connecticut facility. As the pro- 
gram expanded to include full-scale component testing, the project 
was transferred to our Florida Research and Development Center 
where the necessary isolation was available for large-scale liquid 
hydrogen experiments. 

The Cuarrman. Let me ask you: Give us some idea, if you will, 
what is the size, nature, and the volume of the work done at that plant 
in Florida ? 
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Mr. Coar. This facility is entirely a research and development 
facility, restricted to research and engineering. The floorspace of 
our facilities here are something over 650,000 feet. We currently 
employ about 2,400 people, of whom something over 350 are technical : 
scientists and engineering personnel. 

The CHARMAN. Is that the entire research and development pro- 
gram, or do you have some of it located elsewhere ? 

Mr. Coar. This is only a part of our total research and development 

ort. 
othe CHARMAN. What is your entire effort ? 

Mr. Coar. I am not sure what our total effort, including our 
nuclear and our Connecticut effort is, but it is approximately three to 
four times in the aggregate of what we have in Florida. 

The CHarrMan. So it would run approximately how much in 
money ¢ 

Be ive not trying to check up. We are just trying to tabulate 
the census of the research and development program throughout the 
country. 

i Coun. I don’t have the total for our complete Pratt & Whitney 
Aircraft Division. In Florida, where I am familiar with the number, 
our operation there is something on the order of a $30 million expendi- 
ture per year. 

The Cuarrman. If you could supply us with that information for 
the record later, it would be very acceptable to the committee. 

Mr. Coar. I will request the information, Mr. Chairman. 

The Cuarrman, Fine. 

Just proceed, sir. 

Mr. Coar. This Florida facility gives us the isolation we thought 
we needed for large-scale liquid hydrogen experiments. Since 1955, 
the liquid-hydrogen technology in the United States has progressed 
out of the laboratory, where it was measured in liters, to the point 
where we can now measure our experience in millions of gallons. 

The experience gained by ourselves and the Air Force in this pro- 

has indicated that liquid hydrogen can be produced reasonably, 
that it can be stored practically, and that it can be transported easily. 
As far as hazards are concerned, we have found that in many ways 
liquid hydrogen is less dangerous than gasoline. Figure 3 is a view 
of what we believe to be the largest liquid hydrogen test facility in 


Pe: country, Typical large-scale storage facilities are shown in 
gure 4, 


(Figs. 3 and 4 follow. ) 
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Mr. Coar. Thrust chambers for hydrogen rocket engines do not 
differ significantly from current practice. These chambers are well 
adapted to the production-manufacturing techniques developed for 
turbine engines. 

In the latter part of 1958, the Advanced Research Projects Agency 
announced the development of a high-energy upper stage rocket 
engine. In order to carry out this project, United Aircraft has 
made a several million dollar investment in the specialized test 
facilities required. Figure 5 shows the rocket test stands which are 
being supplied by the corporation for this project. 
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The rocket engine test stands being constructed have a thrust capac- 
ity up to 300,000 pounds, and provide for simulation of high-altitude 
engine starting and running. 


SUMMARY 


Hydrogen-fueled rocket engines provide a major improvement in 
the payload which can be put on a space mission with existing or 
planned boosters. Large-scale experience with liquid hydrogen has 
shown that it is a practical fuel, and that components can be satis- 
factorily engineered for service at 423° below zero Fahrenheit. 

We believe that development of one hydrogen upper stage engine in 
each of three categories should fulfill all space mission requirements 
for existing and planned booster systems (fig. 6) : 10-80,000 pounds, 
30-100,000 pounds, 100-300,000 pounds. 


Ficure 6 


RELATIVE ENGINE SIZE 


100,000 TO 300,000 


LB THRUST 


30,000 TO 100,000 
LB THRUST 


fe] 10,000 TO 30,000 
LB THRUST 


The Cuarrman. Thank you very much, sir. We appreciate your 
statement. 

Mr. Dappario. Mr. Coar is from your district. If you wish to start 
out we will recognize you for the purpose of asking questions. 

Mr. Davparto. Thank you, Mr. 

Mr. Coar, in your fourth page you refer to the fact that United 
Aircraft has made a several million dollar investment in specialized 
test facilities required. Is that a company investment or is there a 
contribution in some part on a fee basis with the Government? 

Mr. Coar. This represents the corporation investment in these test 
facilities for this rocket program. 

Mr. Davparto. In this case that is all private company capital work- 
toward the research and development of this booster engine which 
you have referred to. 

Mr. Coar. This is an upper stage. 

Mr. Dapparto. I am sorry. There is no connection at all with the 
Government insofar as this particular investment is concerned ? 
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Mr. Coar. We have had some Government facilities in the course 
of some of our earlier liquid hydrogen development. Some of these 
are still being continued. The facilities for the development of the 
rocket engine, which we are now engaged in, are being supplied by 
United. 

Mr. Dapparro. When Pp get to the 300,000-pound-thrust capacity 
which you have referred to, how far along are you in that program 
and how far away do you think you are from successfully concluding 
the research and development features ? 

Mr. Coar. I think any discussion of exact thrust sizes or progress 
on the schedule under our current contract would have to be con- 
sidered classified, sir. 

Mr. Dappario. We can take that up in the executive session. 

How long ago did you start the research and development of this 
type of advanced stage ? 

Mr. Coar. The Advanced Research Project Agency announced the 
award of a contract for a high-energy upper stage rocket in the latter 
part of 1958 ; in October, I believe. 

Mr. Dapparto. That has been conducted almost exclusively at the 
Palm Beach facility ? 

Mr. Coar. The major portion of this work is conducted there; yes, 
sir. We draw also on our technical talent and the facilities in Con- 
necticut as well. 

Mr. Davparto. How many personnel are involved in this research 
and development process at Palm Beach, in this program alone? 

Mr. Coar. The total technical personnel in our Florida research 
and development center as I mentioned earlier is something on the 
order of 350 people. On our upper stage rocket program, dependin 
on the day’s requirements, I think between one-half and one-third o 
our Florida personnel are actively engaged in this work. 

We also draw as required upon our personnel and facilities available 
in Connecticut. 

Mr. Dapparro. That is all the questions I have. I think it is a very 
good statement you have made, Mr. Coar, and one which is easily 
understood. 

The CuarrMan. I want to ask a question or two. You say “as far 
as hazards are concerned, we have found in many ways liquid hydro- 
gen is less dangerous than gasoline.” 

You also say that it can be produced at reasonable cost. About 
what does it cost to produce a liquid hydrogen run in normal con- 
tracts with the Government? 

Mr. Coar. We are not engaged in the production of liquid hydro- 
gen. All of the fuel which we have used in our programs has been 
supplied by the Government. 

The Cuarman. You are producing the liquid hydrogen engines, 
aren’t you ? 

Mr. Coar. Yes. 

The Cuamman. But the hydrogen itself is not produced by you? 

Mr. Coar. That is correct. 

The Cuarrman. But is found to be an acceptable fuel ? 

Mr. Coar. Yes. 

The Cuarrman. In fact, it is a very valuable fuel, as you say in 
wg statement. It has many attributes that other fuels don’t have. 

ut what does the cost normally run? 
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Mr. Coar. I think a quantitative answer to that would have to come 
from the Government agencies responsible for supplying the fuel. 

The CHarmman. Just approximately. We are not going to hold 
you to a figure. 

Mr. Coar. It is my impression that it depends a lot on the rate, the 
size of the plant that is using it. But I think in all cases you would 
find that this figure ran between 10 cents as a minimum and a dollar 
as a maximum per pound. There is also the question in trying to 
establish these cost figures of whether you include amortization of 
plants and things like that. I think this gives you perhaps an idea 
of the order of magnitude, that is as close as I can estimate. 

The Cuarrman. But as far as by the pound, it would run between 
those two figures you gave us roughly a 

Mr. Coar. That is my impression. I have no factual knowledge of 
the exact cost. 

The Cuatrman. Is the engine which you are producing now in use 
in rockets? 

Mr. Coar. This would be classified, sir. 

The Cuarrman. All right, we will go into it in executive session. 

Any question from any members of the committee ? 

Mr. Fuxron. I have some. 

The Cuairman. Mr. Fulton. 

Mr. Fuuron. Would you explain to us the use of helium in rockets 
and missiles, and how necessary that is? 

Can you comment on that? 

Mr. Coar. Helium has a particular application in conjunction with 
amid hydrogen because it is the only element that does not freeze 
at liquid hydrogen temperatures. 

Mr, Fuuron. So actually it is the gas used with liquid hydrogen; 
is that not right? 

Mr. Coar. It is used with other propellants. It is commonly used 
as an insert pressurizing medium because it is lightweight and inert 
and nonreactive as a purging agent or pressurizing agent. 

Mr. Fotron. Specifically, on a liquid hydrogen engine you need 
helium, don’t you 

pein Coan Not necessarily. There are other ways of accomplishing 
the job. 

Mr. Forron. Are there other wage of accomplishing the job so that 
helium is really not necessary in the missile and rocket program, do 
you mean to infer? 

Mr. Coar. Iam not sure I understood the question, sir. 

Mr. Fouron. Are you inferring or stating that helium is not neces- 
sary in me missile and rocket program? If you are, I am very greatly 

rised. 
ie, Coar. No; I did not mean to imply that helium is not neces- 
sary. 

Mr. Futon. Isn’t it in common use as an inert agent, that where 
there are low temperatures and especially in relation to a liquid fuel 
like hydrogen in upper stages? 

Mr. Coar. Yes; it is in common use. 

Mr. Fuuron. It is therefore on the present setup of combustion 
chambers a necessity. Helium is now a necessity, is it not? 

Mr. Coan. It is a necessity in conjunction with the complete system 
requirements ; that is correct. 
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Mr. Futron. From what source do you get your helium? 

Mr. Coar. We are concerned only with the propulsion end of the 
machine, not with the complete system. Our requirements for helium 
are quite small, and the helium is furnished to us as one of the 
Government-furnished items. 

Mr. Futron. May I put in the record at this point a statement that 
helium is produced from certain wells within 250 miles of Amarillo, 
Tex., and these wells contain 99 percent of the free world’s known 
recoverable supply of helium. This natural gas is now being pumped 
to metropolitan areas for use as fuel, and the helium content is thereby 
wasted to the atmosphere. There has been a suggestion made that 
there be 12 helium plants placed along these gas pipelines to extract 
the small percentage of helium before it leaves the fields. 

I wish that the committee staff would look into this to see whether, 
first, helium is necessary as a security matter for the United States 
and its rocket program, and, secondly, whether it is a proper course 
to recommend that such 12 plants be set up along the pipelines near 
Amarillo, Tex. 

That is all, thank you. 

Mr. Kartu. Mr. Chairman, I have a question, please. 

The CuarrMan. Mr. Karth. 

Mr. Kartu. How much of an investment does your company have 
in research and development facilities in this rocket engine, rocket 
fuel field ? 

Mr. Coar. I don’t know the answer to that question, sir. 

Mr. Kartu. Could you provide that for the record ? 

Mr. Coar. I will request it. 

Mr. Kartu. When you do, would you also provide for the record 
the amount of those dollars that are Government dollars and the 
amount of those dollars that are private—that is, invested by your 
company out of its profits in other fields. 

I would like, if you can, to also supply to the record the amount 
of money invested in these facilities from profits in this field itself so 
we would have three breakdowns: That is, the direct Government out- 
lay in dollars, the private investment dollars, and of these private 
investment dollars, those dollars that come about as a result of profits 
in this field since you have been in it with Government contracts. 

Mr. Coar. You are speaking of investment in the field of propulsion 
facilities ? 

Mr. Karru. For rocket engines; yes, sir. 

Mr. Coar. For rocket engines only? I will request that information. 

{Reports from United Aircraft are on file with the committee.] 

Mr. Fuiton. Mr. Chairman, could I finish with one other point. I 
would like to recommend the existing Helium Act of September 1, 
1937, be amended to afford the Government access to all the Nation’s 
helium reserves, including that which is part of the natural gas flowing 
ay pipelines. I would like to ask the committee staff to look into 
that, if they would. 

The Cuarrman. I am familiar with the act. I was talking to Mr. 
Teague from Texas. He and I both have a great deal of natural gas in 
ourareas. Ifthe staff will do it, it will be fine. 

Mr. Fouron. Thank you very much. 

The Cuarrman. Any further questions, Mr. Daddario? 
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Mr. Dapparro. Mr. Coar, is there any possibility you may be able 
to develop this power so that it can be used at the booster level rather 
than just at the advanced stages that you are suggesting ? 

Mr. Coar. I think there is certainly that possibility. We are all 
aware that the expense in the development of a booster is quite 
immense. We have currently available well-developed boosters and 
others under development. I think it is a question of economics 
whether such a step should be taken. 

There are further some technical problems involved in first-sta 
application of hydrogen because of its extremely low density. It 
results in a much larger volumetric package than with existing 
boosters. 

Mr. Dappario. From an experimentation standpoint then, as you 
develop it through this stage, there is the possibility, is there not, that 
eventually you could transfer the knowledge that you have so that it 
could be adaptable to the booster stage as well ? 

Mr. Coar. Absolutely. There is no reason why this could not be 
done. It would have benefits. They would not be as significant—as 
overwhelming, perhaps I should say—as those we receive applying to 
the second or third stage. 

Mr. Dapparro. This would be an orderly process then as you take the 
experiments at this stage, develop them, get to the point where you 
are completely successful, and then use the knowledge and information 
which you have and adapt it to the other stages, including the booster? 

Mr. Coar. This would be a straightforward, engineering approach. 

Mr. Dapparto. Somewhere along the line you mentioned the fact 
that this was a means through which you could more quickly get to 
the transportation of men through space, that it was safer than using 
fluorides for example. Why is that? What type of danger is there 
between the two types? 

Mr. Coar. I think you are referring to the part of the statement 
which I did not present, which was concerned with the two ways of 
obtaining in chemical rockets the high specific impulse, highly effi- 
cient performance that hydrogen offers. One of these is to use liquid 
oxygen as the oxidizer and the other is to use liquid fluorine. 

The advantages of fluorine are quite small. In most cases they are 
not significant. There may be a very few missions where it is worth 
the effort to go after this small advantage. 

But our feeling is that this is a very small advantage and that when 
we are talking about a man-carrying vehicle, the extreme corrosive 
characteristics and toxicity associated with fluorine pretty much rule 
it out. 

Mr. Dapparro. And that therefore the hydrogen utilization does 
the job, takes away the dangers involved, and there is not such a mar- 
gin of efficiency increase by using the other method. 

_Mr. Coar. This is liquid oxygen in conjunction with hydrogen; yes, 
sir. 

Mr. Dapparto. That is all, Mr, Chairman. 

The Cuarrman. Thank you very much, Mr. Coar. We appreciate 
your testimony very much. 

At this point the remainder of the witnesses are due to be heard in 
executive session. We have Dr. Arthur R. Krantrowitz, director of 
Avco Research Laboratory, vice president of Avco Manufacturing 
Co., of Everett, Mass. 
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We have Mr. Thomas F. Dixon. We have had Mr. Dixon before— 
chief engineer of Rocketdyne, North American Aviation, Inc., of 

alifornia. 
Mr. J. A. Reid, executive vice president and general manager of the 
Astrodyne, Inc., McGregor, Tex. 

Dr. Robert I. Strough, project engineer, CANEL, United Aircraft 
Corp., Middletown, Conn. 

And Dr. Harold W. Ritchey. We have had the pleasure of having 
Dr. Ritchey before, from the Thiokol Chemical Corp. 

And Dr. Edward H. Seymour, director of research of the Thiokol 
Chemical Corp. 

The committee now will go into executive session. _ ; 

(Whereupon, at 10:35 a.m. the committee went into executive 
session. ) 

EXECUTIVE SESSION 


The committee continued in executive session at 10:35 a.m., in room 
B-214, New House Office Building, Hon, Overton Brooks, chairman, 
residing. 
. The iceetinn. Dr. Arthur R. Kantrowitz, of the Avco Manufac- 
turing Co. 
Doctor, you are the director of the laboratory. We are glad to have 
ou here this morning. What you have to say is in executive session. 
We would be happy to have you just let your hair down and go ahead 
and tell us what you have got in mind. 


STATEMENT OF DR. ARTHUR R. KANTROWITZ, DIRECTOR OF AVCO 
RESEARCH LABORATORY, VICE PRESIDENT OF AVCO MANU- 
FACTURING CO. 


Dr. Kanrrowirz. Thank you, Mr. Chairman. I appreciate the 
privilege of this opportunity to appear. In coming betore this com- 
mittee, the major point I wish to make is to give you my impression 
of what can be done to accelerate our progress in space activities, 

The first point that I would like to make is to consider what takes 
time in any bold, new experimental program. We hear many state- 
ments about how many years will be required to do this, that, and 
the other thing. I think it should be emphasized over and over again 
that most of the time required is spent not in doing the job involved, 
but in obtaining the decision to go ahead and do it. 

This has been true of most any of the important projects that you 
can think of that have been proved important in the past. In tech- 
nology, most of the basic science which is required has been around 
for many years. The knowledge required to construct large rocket 
vehicles has been here for at least 50 years. The thing that has 
been missing, and the reason we didn’t explore space a long time 
ago, has to do with the decision to do it. This is true of the venture 
as a whole, and it is also true of many of the smaller tasks, such 
as various satellite programs we have set out to do. 

Yesterday you heard a great deal about electrical propulsion. 
I think I have very little to add except to say I agree that electrical 
propulsion will produce very substantial gains in what you can do 
with a given booster. You can save something like a factor of 
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three on missions that are as far as the moon, say, and larger factors 
if you go further. : 
at do we need to make electrical propulsion a reality? 
Essentially, what we need is just the decision that this country will 
try real hard to achieve electrical propulsion so that these 
savings in cost can be realized. The art that is needed in order to 
accelerate gases electrically, the scientific basis, I think we already 
have. What we need is to get busy and try and do that job, 

The Avco Research Laboratory has been fortunate in getting the 
approval of ARPA and the Office of Scientific Research of the Air 

orce for such a job now. 

I would like to say, however, that this research program could 
have been undertaken some time ago if the decision had then been 
made. I believe it is important for the Congress to be fully aware 
of the fact that exploratory research has not changed very much 
from the time of Columbus. In his case it took him 10 years to 
mn and 514 months to gather a fleet and discover the New 

orld. 

That situation is not much different now than it was then—that 
you may need many years to get a decision and months to do a job. 

I would like to say that typical of the kind of thing that this 
country can do is in my opinion represented by the ICBM program. 
Here when a decision was finally made in 1954, the country assembled 
resources starting mostly from people who were engaged in entirely 
different fields, but who had the required scientific background. After 
the decision was made, there was created a tremendous sense of 
urgency and all the obstacles fell by the way. Once the sense of 
urgency has been created and the decision made, I think that this 
country is capable of very rapid motion. 

When people tell you so many years are required before a job 
can be done, I think that it would be very well to cross-examine them 
and find out what is going to be done in all those years and what are 
we doing now and what is holding up progress. 

In many cases I believe you will find that what is holding the 
thing up is the lack of people courageous enough to make the decision 
that must be made and to take the responsibility for committing 
major resources to an adventurous program. 

Thank you very much. 

The CHatrmMan. What would it take, Doctor, in the way of re- 
sources to do the job? 

Dr. Kantrowrrz. To do which job? 

The Carman. Suppose you feel you created a sense of urgency 
and you make the decision, what will it take in the way of resources? 
Is there any way to know in advance? 

Dr. Kantrowrrz. The only research program of this kind in which 
I have been involved in great detail in trying to get decisions has been 
the task of putting a man in space, and recovering him safely. 

The Carman. I was referring to the job of devising electrical 
propulsion. 

Dr. Kantrowrrz. That one I can talk about too. We have been 
engaged for some time in fundamental research that is related both 
to propulsion techniques and the electrical properties of gases at 
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high temperatures. We are presently negotiating a contract with the 
ce of Scientific Research, and with ARPA. 

The objective of this program is to make possible a decision, to 
make it possible for space program planners to more safely commit 
themselves to planning major space projects for this Nation which 
could depend on electrical propulsion. 

So far as I know, none of the plans for major programs that we 
have now depend on the real advantages of electrical propulsion. 
For example, in the case of the communications satellite program, 
which is a matter of very great importance in my opinion, propulsion 
is based on chemical rockets alone. 

If I had to make such plans at this time, I would also make them 
on chemical rockets. But if this program could safely be based on 
electrical propulsion, you would save something like a factor of two 
or three in the cost of launchings. In order to have reliable elec- 
trical propulsion systems in 2-3 years, all elements of those systems 
should be given intensive research and development support now. 

Mr. Fuuron. May I compliment you on your statement on the 
communications satellite, and secondly, on the electrical propulsion 
compared with chemical propulsion methods. 

The Cuarrman. Mr. Teague. 

Mr. Treacur. Doctor, I am sure you know Dean Dunning of 
Columbia ? 

Dr. Kantrowirtz. Yes, sir. I was a student of his at one time. 

Mr. Tracur. Five years ago, sitting up at West Point one night in 
the Thayer Hotel, I heard Dean Dunning for no apparent reason start 
discussing this whole space business. He described just about exactly 
what has happened to date. He talked then about how we were 
dragging our feet in different fields. 

e other day I asked Mr. Hoffman some questions here thinking 
along that same line—are we dragging our feet now? If we are 
going to need a 10-million-pound-thrust engine and we are working 
on a million and a half, are we dragging our feet ? 

I wasn’t trying to get in the Bureau of the Budget battle. I was 
strictly talking bout the other side of it. Are we dragging our feet ? 
Do we let. a company have a contract on a million and a half when 
actually they should be working on a 5, 6, or 10 million? 

Dr. Kantrowrrz. Could I put it this way, perhaps: I would feel 
better about our space program if I saw us making more mistakes 
than we do. We have beet so cautious that on the whole we don’t 
make as many mistakes as I would like to see us make in order to 
make maximum progress. 

Mr. Tracur. We are too conservative ? 

Dr. Kanrrowrrz. Yes; we review and check so much and are so 
reluctant to stick our necks out that I believe we are making much 
4 me than is possible—and vital to our position vis-a-vis the 

One very great exception to our overcautious attitude has been the 
ICBM program. When this program was started in 1954, the Depart- 
ment of Defense, the Air Force, and industry had their necks out. 
It was way, way beyond what had been done. Nevertheless, a major 
commitment was made, on the order of billions of dollars. This was 
real courage, and it is this kind of courage that is really needed over 
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and over again, and on a larger scale, if this country is going to com- 
pete in the “space race.” 

Mr. Bass. Would you yield? 

Mr. Tracur. Yes. 

Mr. Bass. I appreciate what you say, Doctor, but it seems to me 
this whole field is a matter of balance and judgment. You can err 
too much in the other direction, which would be disastrous. 

Dr. Kanrrowrrz. To be sure. 

Mr. Bass. For instance, to take your example of this plan for send- 
ing up a communications satellite. If we based it on an electrical 
ae ce system, might it not be possible that that project could 

delayed for several years because of the lag in perfecting such 
a system ¢ 

Dr. Kanrrowirz. If I had that decision to make at the present 
moment, my tendency would be the following: that I would have a 
program that would be based on chemical propulsion that I could 
count on, and I would have not one approach such as we have, but 
would have a substantial expenditure in development of electrical 
propulsion spread over many contractors, to try and make possible 
an electrical system which could be depended upon before I had com- 
mitted or mmenaes the major production funds on the chemical one. 

Mr. Bass. Even though we are very, very early in the research and 
development stage. 

Dr. Kantrowirz. Yes. Let’s take a chance. Let’s accept the risk— 
we stand to gain very great benefits if successful. Let’s have the cour- 
age to risk making a mistake. 

Mr. Bass. The problem as I see it, overall, is that we have only so 
much talent in this field, and just spending money doesn’t necessarily 
solve the problem. It is where our effort should be focused. Is that 
not correct? We can’t go all-out in every direction. 

Dr. Kanrrowirz: To be sure you cannot. You can find, however, 
that there are a really limited number of genuine new icleas and con- 
cepts that we have. The really great question is how well we do nur- 
ture these ideas. How fertile a soil do we provide so that it is easy 
for them to grow. 

You will find that if the ideas depend for their fruition upon the ma- 
terials and resources that a man can easily assemble without anyone 
else having to stick their neck out, that those ideas will progress rapid- 
ly. If someone else other than the father of the idea has to stick his 
neck out, then it moves much more slowly. As this chain is further 
removed from the father of an idea, then the time scale stretches out 
into the distant future. 

This is how we get these longtime estimates of why it takes such a 
long time to get anything done. 

Mr. Tracue. One other question, Doctor, and I will quit, along the 
same line Mr. Bass talked about. Is our scientific ability of this 
country properly directed, or is it spread all over the field, going in 
every direction ? r 

Dr. Kanrrowrtz. I think, if anything, that there is an emphasis on 
too much direction, you must remember that when science progresses 
rapidly, there is usually no other organization except what. Jefferson 
once called the free marketplace of ideas. The persons responsible for 
research programs decide what to work on by themselves, looking at 
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the whole scientific community, going to scientific meetings, reading 
the literature, and finding what other people are doing by themselves, 
making the decision for themselves, what they will work on. 

This is the way that science has flowered, without any overall or- 
ganization of any kind. We must find some way of duplicating the 
ower of that free marketplace of ideas, at the same time makin 
available the larger scale resources which are necessary for suc 

things as space. 

The Cuarrman. May I ask you this, Doctor: I rather agree we are 
too cautious. I think we are too cautious in the * * * program. 

Are you familiar with that? 

Dr. Kantrowirz. * * * 

Mr. Futron. * * * 

The CHAIRMAN. * * * 

Dr. Kanrrowirz. * * * 

The CHarrman, * * * 

Dr. Kantrowirz. * * * 

The CuatrmMan, * * * 

Dr. Kantrowirz. * * * 

The CHarrMan, * * * 

Dr. Kanrrowrrz. * * * 

The CHarrman, * * * 

Dr. Kanrrowrirz. * * * 

Cuatrman. * * * 

Dr. Kanrrowirz. * * * 

The CHarrMan. * * * 

Dr. Kanrrowirz. * * * 

The CHatrMAN. * * * 

Dr. KanrrowirTz. * * * 

The CHatrMan., * * * 

Dr. Kanrrowirz. * * * 

Mr. Teaaur. * * * 

Dr. Kanrrowirz. * * * 

The CHatrmMan. * * * 

Mr. Fuuron. * * * 

The CuarrMan, * * * 

Dr. Kanrrowirz. * * * 

Mr. Tracur. * * * 

Dr. 

Mr. Futron. * * 

Dr. 

Mr. * * 

Dr. Kantrow!Tz. 

Mr. Funron. * * 

The CHarrMan. * * * 

Mr. * * * 

Dr. Kanrrowrrz. * * * 

The CuarrMan. * * * 

Mr. * * * 

The Cuarrman. I want to ask him another question, then I will 
recognize the gentleman to ask questions. ; 

I want to ask him this, though, in reference to the electric engine. 
If it is developed as such and you feel that we ought to stick our neck 
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out and develop it, would it be usable for any commercial activity or 
= other activity, say, for outer space and perhaps deep probes { 

r. Kanrrowirz. I would say this, that the one commercial activity 
that I see at the moment is the communications satellite. It is m 
opinion that the communications satellite will be such a valuable thing 
as to pay entirely for our space adventures. 

For the communications satellite, electrical propulsion will effect a 
cost saving of the order of a factor of 3. To that extent it is a very 
fine commercial venture. I only wish that this country were so organ- 
ized that something like the communications satellite would be a feas- 
ible thing to be undertaken by private industry alone. But that is, I 
think, almost out of the question. 

The Cuarrman. But you see now no possibility that the principles 
used in the development of that electric energy would be adaptable in 
commercial use ¢ 

r. NTROwITz. There are all kinds of commercial possibilities 
that are closely related. For example, we have been engaged in discus- 
sions with several of the large yaar utilities on the possibility of the 
generation of electrical power directly from the motion of an ionized 
gas. 

You generate an ionized gas, say, by passing a gas through a nuclear 
pile, and then pass that gas fa sat a magnetic field and generate 
electricity thereby. 

This seems to be an important practical possibility for the cheaper 
_——— of electrical power, both from nuclear and from chemical 

uels. That work is very closely related to the work that we are doing 
in electrical propulsion, related in the same manner as an ordinary 
electrical generator is related to an electric motor. 

As you know, they look practically alike, and they are nearly alike. 
Now, because of our background in that commercial work in the gen- 
eration of electric power, we had an advantage, in our recent propul- 
sion proposal to ARPA. I think this was a significant advantage in 
our gaining this contract. 

The Cuarrman. Mr. Fulton. 

Mr. Futron. May I congratulate you on your statement and like- 
wise thank you for coming here. Sons are one of the outstandin 
an in this field and your advice, I believe, will be well considere 

y this committee and the Congress. * * * 

Dr. Kanrrowitz. * * * 

Mr. Futon. Then your position is that we should proceed on the 
research and development of various systems such as the Nike-Zeus, 
A-ICBM system, as well as, say, several that the Navy have and other 
agencies of the Government so that we have a broad base of research 
on this point. 

Dr. Kantrrowirz. To be sure, and competitive research. 

Mr. Furron. That is what I agree wih, 

Dr. Kantrrow1rz. Competition in research is most healthy. 

Mr. Fuuton. As a matter of fact, on the awarding of the man-in- 
space program to McDonnell Aircraft, I had felt it was much better 
to have the 37 companies who were interested in it proceed along the 
development of their particular type of recommendations to a certain 

int where, as we went along, we could see whether there was gain 
to be gotten from that type of a program before we just dropped them 
all and settled on one under McDonnell Aircraft. 
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Mine would be the pyramid approach, a broad base with competitive 
research and development among various companies. Would you 
agree with that? 

Dr. Kantrow1tz. I think that that is an eloquent statement of how 
things ought to be done. 

Mr. Furron. I appreciate that. But I thought _ gave a very 
eloquent one, and I am going to ask you if you will say this to me 

ublicly. 
“ Mr. Rohan had asked: Are we dragging our feet in the space pro- 
gram? You had said—and I would like you to say that this is not 
secret-—‘I would feel better about our space program if I saw us 
making more mistakes.” 

The Cuarrman. Wait just a moment. I am afraid of this—I have 
no objection to your making it. But I am afraid if we begin to let 
out certain parts of this as against other parts, we are going to get 
ourselves tangled up. 

If the witness makes one statement that is open for publication 
and the next statement that is secret here in this executive session, we 
are going to get into trouble. 

Dr. Kantrowrrz. * * * 

Mr. Fuuron. I have only had 3 minutes, so I would like to—— 

The CuarrMan. I want to say this now. I am not trying to push 
anybody. We have Mr. Dixon and Mr. Reid and Dr. Strough and 
Dr. Ritchey and Dr. Seymour all before noon. They come from dis- 
tant points, all of them. I just want to let the committee know it. 

Mr. Bass. Mr. Chairman, I hope we can hear these gentlemen. We 
only have 50 minutes. 

Mr. Furron. I want to give notice I am going to ask the witness 
this outside to repeat it, and I think the chairman should hear it 
because I am going to ask you to repeat this to me outside. 

The CuHamrMan. You don’t have to give notice in the committee. © 
You are free, white, and 21. You can do what you want on the out- 
side of the committee, and so can the witness. 

Mr. Futon. With the Chairman’s permission I would like to read 
this to you and check it: “And it has cost us a great deal. One ex- 
ception is the ICBM program. A major commitment was made in 
1954. We stuck our necks out in developing ICBM. It was real 
courage.” * * * 

Dr. Kantrowirz. * * * 

The Cuamman. What occurs and what is said here is executive. 
What he does on the outside is his business there.. I do expect, and 
I think everybody on the committee expects, every member of the 
committee to retain in executive session what is said and what is 
done here in this committee. 

I think there can be no exceptions on that. 

Mr. Furron. That is right, Mr. Chairman. But I want to make 
sure that there is no classified material—— 

Dr. Kanrrowrtz. * * * 

Mr. Furron. All right, then I will not do that, of course. 

The Cuarrman. Any further questions? If not, it is 11:15 here 
and we had better proceed to hear these other witnesses. 

Mr. Kartu. Mr. Chairman, I would like to ask the Doctor a 
question, please. 

The Cuarrman. Surely. 


240 SPACE PROPULSION 


Mr. Karru. I think probably there is something wrong with our 
system here. We really don’t have enough opportunity to ask ques- 
tions, rather than—— 

Mr. Bass. We haven’t had any. 

Mr. Karru. Rather than—oh, shall we say, making our interroga- 
tion a soft interrogation rather than a hard one. There just aren’t 
—_ hours in a day, it seems. I am sure that you appreciate that, 

octor. 

One thing that comes to mind, and often has, so far as I am con- 
cerned, is we are talking about courage. There is a little too much 
profit courage in some areas rather than enough patriotism courage. 

This, I suppose, you find in any country, including our democracy. 
You suggested that we be a little sharp in our interrogation. I would 
like to do that, if you don’t mind, 

Dr. Kanrrowrrz. To be sure. 

Mr. Karru. When you are talking about courage, you are really 
talking about money, aren’t you? When you are talking about going 
ahead, you are talking about speeding up our program. When you 
are talking about doing these things at a more rapid pace, aren’t 
you talking about money, Doctor? 

Dr. Kanrrowrrz. It will take money. 

Mr. Karrx. Do you think it will take more money than has been 
requested, sir, for this program ? 

Mr. Bass. Which program ? 

Dr. Kantrrowrrz. Which program are you talking about? 

Mr. Karrn. The space program that is in the budget. 

Dr. Kantrowrrz. There is little doubt in my mind that the occa- 
sional really great idea would have a somewhat easier time growing 
if budget restrictions were not too strenuous. On the other hand, 
we would risk the waste of more money. 

Mr. Karru. But in your analysis of this thing, Doctor, it seemed 
to me you indicated that, although we might waste some money, 
the courageous thing to do was to make those decisions and go ahead 
and see if we can’t reach our ultimate goal, despite the fact that 
we might waste some money. 

Is this an accurate statement ? 

Dr. Kanrrowirz. Right. I would like to talk to some extent to 
the thing you call “profit courage.” 

Mr. Kartu. The thing I was talking about is exactly what Mr. 
Teague was talking about. We go ahead and we develop a 100,000- 
pound thrust engine. We have got to perfect that thing before we 
go to a 150,000; and when you perfect that, we go to a 300,000 and so 
on up the line. 

Mr. Teague’s point was very excellent when he said, “Don’t you 
think we should get some courage along this line? Instead of 
jumping by 50,000-pound thrusts, why don’t we jump 5 million for a 
change and see what we can do with that?” 

So I say there is a great deal of waste of money in this area which 
I think Mr. Teague expressed very well, which we could eliminate by 
going from the 100,000-pound thrust to the 1 million, or some other 

res. 
ona icking these figures, but we are moving wr slowly in my 
opinion in this field. This is the profit courage that I was talking to: 
you about. 
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Dr. Kanrrowi1z. I am not exactly sure on simple technical grounds 
that bigger and better rockets are always necessary and desirable. 
For example in many space missions the use of electrical propulsion 
may permit the doub ing or tripling of your payloads, using the same 
booster rocket. I would like to call to mind, though, another example 
of such courage. During the war when reactors were very new in the 
early forties, enough courage was exercised there to commit the 
country to the Hanford plant with enormous reactors on the basis 
of timely experiments. This was another example of tremendous 
courage, because that whole thing could have been made to look very 
foolish had it failed. 

It is that kind of thing that will make it possible for this country to 
keep up. If we don’t do that, if we play it safe, we are going to lose. 
I am sure of that. 

Mr. Karru. Let me ask you this question, Doctor. The chairman 
was talking about the Nike-Zeus. I am not necessarily saying I am 
for the Nike-Zeus program. But if we are talking about courage, I 
suppose we should take a look at the defense system because we all 
agree we don’t have one against ICBM’s. 

It seems to me if we went ahead with this project we might in the 
opinion of some be showing courage to at least try to develop an 
antimissile system. For those who think we should have courage but 
still mers that we don’t go ahead, they must have a better system 
in mind. 

What is your system? We are in executive session. Do you have 
a better system ¢ 

Dr. Kanrrowirz. * * * 

Mr. Karru. You see, on this thrust thing, we started out with a 
very low thrust ratio. Now we are talking about 6 million pounds 
of thrust. We had to start someplace. 

My question is: Do you think that we shouldn’t start with any 
defense system until all of a sudden a perfect one springs up out of the 
air? Or what is your opinion? 

Dr. Kantrowirz. * * * 

Mr. Kartu. * * * 

Dr. Kantrowirz. * * * 

Mr. Kartu. We have that right now in our ICBM field, don’t we? 
We couldn’t hit New York, probably, if we tried. 

Mr. Fuuron. Neither could the Russians. 

Mr. Karru. This is kind of a false sense of security, isn’t it, even 
at this point in the whole ICBM field? Can you throw some light 
on this thing as to our potential strength in the ICBM field? Don’t 
misunderstand me; I am not being derogatory, Doctor. I am try- 
ing to follow what you suggested. 

r. Kantrowirz. * * * 

Mr. Bass. Mr. Chairman, I hate to interrupt, but we have five other 
witnesses. 

The Cuarrman. That’s right. I am perfectly willing, I will say 
to the committee now, to meet tomorrow morning, Saturday morning. 
If we can’t see these witnesses today—and we do have votes coming 
up this afternoon so we can’t meet this afternoon—— 

Mr. Fuuron. May I say to the chairman that we in the Foreign 
Affairs Committee have been meeting in the afternoons and have 
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just been leaving to go to votes and coming back. So I think we 
could go right straight through. 

I would love to go through this afternoon. 

Mr. Karru. I am willing to come tomorrow morning, Mr. Chair- 
man. 

The CuatrMan. We are going to probably have a vote the first 
thing, or ey close to the first thing. I can’t see where you make 
any profit by trying to meet—— 

Mr. Fuuton. The word is there won’t be a regular vote because I 
was in on the debate yesterday. 

Mr. Quietey. Mr. Chairman, while this colloquy is going on, may 
I ask the Doctor one question? He says if we play it safe we are 
going to lose. 

Aren’t we playing it too safe in the whole space program ? 

Dr. Kanrrowirz. I would say so. 

The Cuarrman. Thank you very much, Doctor. 

Mr. Teague. Doctor, if the Russians put a manned satellite up 
this year, how much would it accelerate our program ? 

Dr. Kantrowirz. * * * 

The Cuarmman. Thank you very much, Doctor. 

Mr. Fuuron. I must have an answer explained, Mr. Chairman. 

The Cuarrman. Weare going to call—— 

Mr. Fouuron. Mr. Chairman, I can’t go ahead without the last 
answer being explained. I must have that explained. Would you 
please yield to me so that it can be explained, because I have listened 
for 12 minutes now and I was called before I had had 5. 

The CHatrman. You haven’t listened any longer than the others 
on the committee have listened. 

Mr. Futton. I know; but there have been 12 minutes taken and 
I want 1 more minute. 

The Cuarrman. All right, go ahead now. I want to be courteous 
to the gentleman and I am going to do all I can—— 

Mr. Fuuron. I will be very short but I need one answer explained, 
and it is a very serious question. 

The CHatrman. Go ahead, sir. 

Mr. Futon. May I first compliment the gentleman from Min- 
nesota, Mr. Karth. He has made one of the best statements—— 

The Cuarrman. Does the gentleman want the witness to answer 
or does he not want the witness to answer ? 

Mr. Furron. I do; but I want to make a slight compliment in 10 
words. I don’t want it all on one side—the time on one side—and 
the others cut short by 10 words. If the Chairman will permit me 
to have 1 minute, which I have asked for, 1 minute, we will get along 
much better or else we are going to have a system of dividing the time 
and taking 5 minutes for each person. 

The Cuatrman. I think that isa good idea. 

Mr. Futon. Let’s do it. I have asked for 1 minute—— 

The Cuamman. The Chair will work out a system of dividing the 
time in the future. 

Mr. Forron. I certainly think that is the better way. 

The Cuatrman. Go ahead. The gentleman has already taken more 
than a minute, but go right ahead. 


CO 
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Mr. Futron. I haven’t had a chance. I don’t want you to give 
the impression—I don’t believe you intended to—that our space pro- 
gram is not, in the United States and in the free world, a good pro- 
gram; and that it is progressing rapidly and with every indication 
of success, not only for the scientific value but also for the security in 
the protection of the United States of America and the free world. 

ould you comment on that, please? 

Dr. Kantrowirz. * * * 

Mr. Futton. * * *. 

Dr. Kantrowitz. * * *, 

The Cuarrman. Thank you very much. 

Mr. Furron. May I just finish with this: You do have confidence 
in our current space program, do you not, and our missile and rocket 
programs, that we are making progress— 

Dr. Kantrowirz. * * *. 

Mr. Fuuiron. Thank you very much. 

The Cuarrman. Thank you very much. Dr. Sheldon, will you see 
the other witnesses we have this morning and find out how many of 
them can meet with us tomorrow morning. We will continue as lon 
as we can today, and those that we don’t hear today, then we wi 
meet tomorrow morning. I hope everybody can come. 

Mr. Teacur. Mr. Chairman, T think Mr. Fulton’s suggestion is an 
excellent one. Give each person a certain amount of time for each 
witness, and let it go all around. 

The Cuarrman. The Chair is going to appoint one member from 
the Democratic side and one from the Republican side to work out 
a system of handling the time, and we will abide by—— 

Mr. Furron. Just make it a 5-minute rule for each member. 

The Cuarrman. I want to appoint a committee so it will be com- 
pletely bipartisan. We will work out a rule so there will be an 
equitable distribution of time. Especially it is important when we 
have this many witnesses as we have this morning. 

Mr. Bass. While we are waiting, Mr. Chairman, it is my under- 
standing that in these executive sessions we observe them as such, 
and we don’t make releases based on what has been said. 

The Cuatrman. That is certainly the rule of the House of Rep- 
resentatives. 

Mr. Dappario. Mr. Chairman, I would like to suggest we hear 
each of these witnesses completely through, one after the other; and 
then call back those which we feel we have questions to ask of. We 
may be missing the boat on the third or fourth one, who may have 
something more important even than this one. 

The Cuairman. Is there any objection to that procedure? If not, 
we will hear each one without any questions, and then we will call 
back the ones that we have questions of. 

We have Mr. Thomas F. Dixon and Mr. J. A. Reid. 

Mr. Horrman. Mr Chairman, I am Samuel Hoffman, vice presi- 
dent and general manager of Rocketdyne. I will read our prepared 
statement, if you will permit me to. I would like to have Mr. ixon 
at the table with me, and Mr. Reid. 
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STATEMENT OF SAMUEL K. HOFFMAN, VICE PRESIDENT, NORTH 
AMERICAN AVIATION, INC., GENERAL MANAGER, ROCKETDYNE 
DIVISION; ACCOMPANIED BY THOMAS F. DIXON, CHIEF ENGI. 
NEER, ROCKETDYNE; AND J. A. REID, EXECUTIVE VICE PRESI- 
DENT AND GENERAL MANAGER, ASTRODYNE, INC. 


Mr. Horrman. Information on active space propulsion projects 
underway at the Rocketdyne Division of North American Aviation, 
which could not properly be presented in the open sessions of the 
Science and Astronautics Committee, is summarized in these notes. 

P i, * * * The complete 1.5-million-pound engine is in process of 
esign. 


9. * * * 
3. * * * 
4. * * * 
5. * * * 


6. In connection with the Rover program (nuclear rocket), Rocket- 
dyne has supplied the test nozzles for the LASL series of Kiwi-A 
tests. 

7. The ion engine work was rather completely covered in the open 
session. The current program covers the development of an experi- 
mental low thrust ion propulsion device, the equivalent of a thrust 
chamber. 

Questions and answers during the open sessions lead us to conclude 
with the following generalized statements: 

(a) All three types of rocket engines, chemical, nuclear, and elec- 
tric, will be required for an indefinite period of time. Each has its 
major field of application, substantially as follows: 

Chemical: Terrestrial missions; first-stage boosters; high energy, 
upper stage engines. 

Nuclear: Upper stages as soon as available; eventually as the 
booster for very large payload vehicles. 

Electrical (ion, plasma, etc.) : A space engine—for maneuver and 
endurance; worthless as booster powerplants. 

(6) The major influence on countdown time is the mission, whether 
an R. & D. test, a satellite launching, or a moon shot. The influence 
of the engine on countdown is related only to the fueling operation, 
and even if the fuel is not stored aboard the missile, the fueling opera- 
tion, with proper equipment, is measured in minutes. 

Whether solid or liquid, the propellant can be aboard continuously. 
With cryogenic propellants (such as the current LOX-RP), auxiliary 
is required for the to be aboard continuously. 

o auxiliary equipment is required in the case of storable liquids or 
solids; hence, the “instant readiness” feature is essentially inherent 
with these types of propellants. The time required for launch now 
becomes one associated with guidance, auxiliary power, and other asso- 
ciated equipment. 

(c) The hard-site concept is applicable regardless of propellants 
used : solid, liquid, storable or not. 

(d) There was considerable discussion on basic research and where 
it should be done. All of the comments centered around the Pe oe 
lant. Of at least equal importance, particularly in the case of solids 
is research on materials, both metals and plastic. 
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Basic research on propellants, metals and plastics should be done 
in the respective primary industries. However, concurrent research 
in these fields is essential in the rocket engine organizations. In these 
organizations, a major portion of the effort would be testing the feasi- 
; bility of developments as applied to the particular application at hand. 

Finally, we must not overlook the fact that concurrent research on 
the engine systems and components within the rocket engine industry 
is equally imperative. 

’ Approximately one year ago Phillips Petroleum and North Ameri- 
e can Aviation set up a jointly owned corporation, Astrodyne, to appl 
the resources and talents of the respective organizations to the devel- 
f opment of solid-propellant rocket engines. 

Mr. James Reid, vice president and general manager of Astrodyne, 
is with us today. We request the opportunity for Mr. Reid to pre- 
sent a unique continuous mix process which is now under develop- 
ment. 

The Cuatrman. Thank you very much, sir. Did you say Mr. Reid 
; had a statement, too? 


ae 


L Mr. Horrman. Mr. Reid. 

Mr. Ret. Gentlemen, I have a statement which has been turned 
1 over to Dr. Sheldon. In the interests of conserving your time, I 
: would like to highlight it very briefly, however. 


The CuHarrMan. We have agreed on this, I might say—to hear all 
of the witnesses; then those that we wish to question at length, we 
8 will try to arrange to meet later on, perhaps in the morning, to ques- 

tion them. 
- Mr. Rem. Astrodyne is active in a broad range of research looking 
s forward to the application of the large solid, high-energy propellant 
systems to large missiles and rockets, and specialized energy uses. 
x tk * * * 


> The CuarrmMan. Thank you very much, sir. Are there any other 
| statements from North American? If not, we want to thank you gen- 
d tlemen. Do we want to ask these gentlemen to stay over for ques- 
tioning? I don’t know whether they are able to or not. If they are 
- not able to stay over for questioning, we will ask them to wait, if som 
will, until we can hear the other witnesses and then call them bac. 
for questioning. 
. Dr. Suexpon. Sir, they have a 1 o’clock plane which they are try- 
ing to catch. 
he CuarrMan. Then we want to thank you gentlemen very much 

for coming here. 

Dr. Sueipon. Apparently they are willing to change their plans 
for the convenience of the committee. 

The Cuarrman. We want to thank you very much. We are just in 
a jam on time here. We may get into a bunch of votes this afternoon. 
On the other hand, we may be able to go until 1 o’clock. If they 
would be willing to stay, for instance, until the last moment that they 
have to leave here to catch their plane, it would be fine. Then we 
might need them. 

Thank you very much, gentlemen. 

Dr. Strough. Dr. Strough, whenever you are ready to proceed, we 
are ready to hear from you. 


~ 
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STATEMENT OF DR. ROBERT I. STROUGH, PROJECT ENGINEER, 
CANEL, UNITED AIRCRAFT CORP. 


Dr. Stroucn. * * * 

The Cuarrman. * * * 

Dr. SHexpon. * * * 

Dr. Stroven. * * * 

The CHartrman. Thank you very much, Doctor. Do you have a 
statement, sir? Is there any other statement from your group? 

If not, we want to thank you very much for these statements. What 
we are trying to do is to hear every witness, because we are in a little 
jam today. Then, if we have time, we want to question those later 
on, if we may. So we thank you very much. 

We sae like to hear from Dr. Ritchey and Dr. Seymour, both 
with Thiokol Chemical. Dr. Ritchey and Dr. Seymour, the House is 
in session now, so I would suggest this, that you proceed with your 
statements, gentlemen, with dispatch, but we want to hear everything 
you have to tell us. 


STATEMENT OF DR. HAROLD W. RITCHEY, VICE PRESIDENT AND 
TECHNICAL DIRECTOR, ROCKET DIVISIONS, THIOKOL CHEMICAL 
CORP.; ACCOMPANIED BY DR. EDWARD H. SEYMOUR, DIRECTOR 
OF RESEARCH, REACTION MOTORS DIVISION, THIOKOL CHEMI. 
CAL CORP. 


Dr. Rrrcney. We did not prepare any formal statement this morn- 
ing. It was our understanding that it was principally the objective 
of the committee here in this day’s session to ask us questions involving 
areas of security where we were not able to give complete answers in 
the open testimony. 

The Cuarrman. Do you have anything to add in the way of a 
general statement, either one of you, to what you have already told 
us in open session? If so, I would suggest that you proceed with your 
general statements, whatever you may have. 

Dr. Rrrcnrey. We have prepared some material here that does out- 
line the specific impulse, or—if you please—the energy content of 
various types of chemical fuels, which we feel sets up the more or less 
maximum attainable goals by future research in the chemical propul- 
sion field. We have tried to put this in the right perspective of other 
forms of propulsion such as nuclear. 

I believe that the document is probably a little bit too lengthy to 
go into in detail here. I could summarize it for you, if you would 
care to have me. 

The Cuarmman. All right, sir, if you will. 

Dr. Rircney. This document, since it does name some numbers that 
fall into possible areas of pecurity classification, is classified “Con- 
fidential.” Although it is printed up, we do not have the proper 
stamps on it and wil not be able to pass it out this morning. 

We will try to get it to you as early as we can because it does have 
to be stamped on each sheet in order to meet the security requirements. 

The other document is not classified and also contains some informa- 
tion here that might constitute future goals. 
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For example, in our present liquid propellent engines, with liquid 
oxygen and jet fuels, at the operating pressure of the engine at sea 
level, 266 pound-seconds per pound is mentioned here as an acceptable 
or achievable energy content. 

With liquid hydrogen and liquid oxygen, this figure could be raised 
to above 360. We have a figure here of 364. 

With the storable liquid engines such as hydrazine and nitrogen 
tetraoxide storable propellants, we should be able to achieve res of 
over 265 pound-seconds per pound, and the ultimate achievable in the 
chemical systems we believe is that attainable by liquid hydrogen and 
liquid fluorine which calculates to be 374 pound-seconds per pound. 


There should be aggressive research directed in these fields to 
improve the specific impulse of the ‘fuels, both solid and liquid. The 
other areas involve what is known as free radicals. If this could be 
made successful, perhaps these numbers could be brought above the 
numbers that I have quoted. 

In fact, theoretically there are some free radical fuels. If they could 
be stabilized, that could give specific impulses as high as 1,500 pound- 
seconds per pound. 

Mr. Futon. Is that in the oxygen field ? 

Dr. Rrrcury. If monatomic hydrogen could be stabilized and you 
could use a mixture of monatomic hydrogen and diatomic hydrogen in 
stabilized form and let it react to form very hot diatomic hydrogen 
in the rocket engine combustion chamber, you can potentially get spe- 
cific impulses up around 1,500. 

Mr. Foxton. I was really asking about the same in oxygen. Is there 
any research on that ? 

r. * * * 

Mr. Foutton. * * * 

Dr. Rircuey. * * * 

Mr. Fuuron. * * * 

Dr. Ritcuery. * * * 

Mr. Futton. * * * 

Dr. Ritcuey. * * * 

Mr. Fuuron. So you would then recommend to the committee—Mr. 
McDonough and I have done some work on this—that we do recom- 
mend such a program to the Congress so that if it is authorized, it 
could be Scsttaied thok immediately on a small scale as you suggest ? 

Dr, Rrrcney. I am not certain that some programs along this line 
are not at this point in being in the ARPA programs that have been 
let with the various chemical companies. 

I am not intimately familiar with the objectives of the programs 
that were started last September with the five chemical companies that 
ARPA contracted with. It may be there is some work being done 
here in the field discussed. 

Mr. Fuuron. I know in the hydrogen field there is the RICA as 
well as the Phillips Petroleum type of research on that. But I have 
not heard of any of the type we are discussing. 

Thank you. 

Dr. * * * 

Mr. Fourton. * * * 

Dr. Rircuey. * * * 


| 
| 
| 
| 
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Mr. Fuuron. With the chairman’s permission, could I request that 
the witness supply for us his recommendation on a broad scale in the 
high polymer research field. I would like to have you comment 
across the field as to what we might be doing. 

Dr. Rrrewey. In the high polymer field ? 

Mr. Futron. Right. 

The Cuarrman. Would you want tosupply that for the record? 

Mr. Fuuron. Later; not now. 

Dr. Rrreney. I will be very happy to do that. 

The Cuarrman. We want you, if you will, to proceed with your 
statement, if you have anything further. 

Dr. Rrreney. I believe, in view of the fact that this material is 
printed up and is essentially in written form here, that there is no 
need to continue with the prepared statement. 

I have roughly abstracted what isin this. I wonder if Dr. Seymour 
would care to make any comments ? 

The Cuatrman. Dr. Seymour, we would be glad to hear from you. 

Dr. Seymour. The particular comment that I would like to make 
would be toward the difference in the limits which exist in trying to 
plan and accelerate our future progress as imposed by basic research 
effort and ability, and our applied research or engineering develop- 
ment ability. 

We need both. Basic research tells us what Nature has given us; 
and it has become very obvious, I think, during the discussions of the 
last few days, that we need to exert every effort to find out the ultimate 
that can be done in storing energy and materials and finding materials 
for construction at extreme temperatures and many other factors. 

Then we need to translate this into useful art. In some areas, as 
in maximizing propellant energy which Dr. Ritchey has just dis- 
cussed, basic research is an extremely important forerunner. In 
others, as in the liquid systems where we have liquid hydrogen, liquid 
fluorine available, we need to develop the art to use them successfully. 

The art can never give us a capability beyond what the basic 
research scientist has found out, but the applied scientist and engineer 
practicing the art and improving it can try to approach the limit 
established by the basic scientist. 

One other point which I would like to add is that basic research 
in this, as in all fields, will flow into the industry from many quarters. 
We cannot expect to supply all our own basic research nor should we 
try. Much of it is better done in academic atmospheres of univer- 
sities, governmental institutes, industrial institutes, and so on. We 
depend on this input from a very broad area of activity. 

Another point is, too, that all of this progress represents a con- 
tinuum. None of these efforts, whether we talk about the large liquid 
rocket, the nuclear rocket, the ion rocket, is something that we will 
start work on today, work harder on tomorrow and finish the day 
after tomorrow, figuratively speaking. 

The whole progress in this area as in all man’s areas of interest is 
a continuing stream. We don’t know what’s ahead. We have to 
look at what we think we can do, how badly we want to do it, and the 
degree to which we wish to assign our resources to the effort. 

Thank you very much, sir. 
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The Cuarrman. Thank you, Doctor, and thank you, Dr. Ritchey. 
The whole thing, then, is just how badly we wish to accomplish a 
job and how much money we are willing to assign to that job. 

Dr. Seymour. Yes, sir. 

The Cuarrman. What would you put as your No. 1 priority in 
this program ? 

Dr. Rrrcnry. If you look at, say, the problem of pushing back the 
frontiers of knowledge rather than applied research fields, I feel 
the No. 1 priority in the chemical fuel problem is to explore some 
of these new compounds, putting materials together, elements to- 
gether, that form the new compounds that have not previously been 
made, that can be stabilized in a form proper for use in either 
liquid or solid propellant rockets. 


* * * * * 
Mr. Fuuron. One of those combinations might be the helium-hydro- 
gen combination. 


Dr. Rrrcnry. The helium-hydrogen combination—there are two 

ossibilities there. One of them, of course, is the possibility of carry- 
ing out a nuclear fusion reaction. Of course, if we could learn to 
do that effectively, we would travel through space in comfort. It 
takes only a few pounds of rocket Ap sysmre per ton of takeoff weight 
to achieve escape velocity, land on the moon, and come back again, 
if you can make those kinds of fuels fully effective. 

Mr. Fuuron. Already it is going on in the sun under extreme tem- 
peratures, changing four hydrogen to one helium. 

Dr. Rrrcury. There is some work being done in this country of 
course along this line. This is covered under the technology or 
disciplines called magnetohydrodynamics. People are trying to con- 
tain extremely hot materials in magnetic and electric "Relds rather 
than trying to contain them with actual structural components. 

This, of course, is the only way we can foresee to handle materials 
that are this hot—which is temperatures in the order of 10 million 
degrees centigrade. I am sorry, I meant to say 100 million degrees 
centigrade. I said 10. 

The Cuairman. That is far ahead, isn’t it? 

Dr. Rrreney. It is far ahead. We can achieve these things only 
by pursuing work aggressively in a laboratory. 

Mr. Fuuron. But not so far ahead we shouldn’t be trying for it 
because actually it is a nuclear type of evolution. When it is occur- 
ring one place, possibly we might in much smaller degree achieve 
it through nuclear plus acceleration or a combination of these metals. 

Dr. Rrrcnry. I agree with you completely, and the fact you can 
see this going on in any clear diy when you ee up in the sky really 
whets your curiosity because you know it can be done. All we have 
to do is get smart enough to do the same thing on earth. 

_ Mr. Forron. I am certainly glad you are here. You are encourag- 
ing. Some of us get pretty far out in space. 

The Cuarrman. These are the last witnesses. Are there any further 
questions? If not, these gentlemen have a plane—you have a plane 
to meet, don’t you ? 

Dr. Rrrcury. Mine leaves about the middle of the afternoon. I am 
not in any particular hurry. 
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Mr. Fuuron. Mr. Chairman, with your permission, could I ask for 
an amplification in the record. I believe you had spoken of your de- 
velopment of the solid fuels and were considering the Hercules, the 
Minuteman, and the Polaris as well as the X-17 projects. 

Would you amplify those a little for us—not here, but in the record, 
supplying it later? Could you give more specific detail than just 
vallislank as I have to the various projects that you have worked 
upon, the solid-fuel propellants ? | ; 

Dr. Rrrcney. What type of amplification would you like? Would 
you like to know the performance figures, the sizes, the weights and 
what they contain, this type of thing? 

Mr. Furron. The approach and what the differences are. 

The Cuarrman. Thank you very much, gentlemen. If there is no 
further business, then, we have one final session on this subject Mon- 
day. That should conclude this series of hearings. Isn’t that right, 
Dr. Sheldon ? 

Dr. Sueipon. That is right, although Dr. Strough is standing by 
outside in case you want him, either now or tomorrow. 

The Cuarrman. Ask him now if he would come in and we can 
release him. We thank you both very much for coming here and 
your company for sending you down here and permitting you to 
stand by almost all week. We recognize that as quite a contribution 
to the committee. 

Dr. Rrrenry. Mr. Chairman, it has been a privilege, and I hope 
you will call on us any time we can provide you any information. 

The Cuatrman. You will hear from the committee later on. We 
will call on you. 

Mr. Futron. I would like to enter into the record my compliments 
to the chairman and the staff for the progress of the hearings. They 
have been doing very well. 

The CHarrMaNn. Thank you, sir. 

Dr. Strough, would you come forward and have a seat, sir. We 
do appreciate your staying over here so that we could ask you a few 
questions. 

I will throw the meeting open to questions. Mr. Fulton, do you 
have any questions 

Mr. No questions at this time. 

The CuarrMan. Do you have any questions? 

Mr. Bass. Not at this time, Mr. Chairman. 

The Cuarrman. Do you have questions? 

Mr. Kartu. No, sir. 

The Cuarrman. I will ask you a few questions that I have asked 
everyone practically who has been before us. What is the extent 
sng Research and Development program of the United Aircraft 

orp 
Dr. Srroven. * 
The CuarrMan. 
Dr. Srroueu. * 
The CHarrMan. 
Dr. Srrovuen. * 
Mr. Futon. * * * 
Dr. Stroven. * * * 
Mr. Futon. * * * 
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| Dr. StroucH. * * * 
| Mr. Futton. * * * 
| Dr. StroueH. * * * 
| The CHAIRMAN. * * * 
Dr. Srrouen. * * * 
Mr. Futron. * * * 
Dr. Srroucu. * * * 
Mr. Futron. * * * 
Dr. Strroucu. * * * 
| Mr. Fuuron. * * * 
| The CHAIRMAN. * * * 
Mr. Dappario. * * * 
Dr. SrroucH. * * * 
Mr. Dapparto. * * * 
Dr. StroucH. * * * 
| Mr. Dappario. * * * 
Dr. SrroueH. * * * 
Mr. Dappario. * * * 
Dr. Srrouen. * * * 
| Mr. Dapparto. * * * 
Dr. Srroucu. * * * 
Mr. Dappario. * * * 
Dr. Srroucn. * * * 
Mr. Dappario. * * * 
Dr. Stroucu. * * * 
Mr. Dappario. * * * 
Dr. Strouen. * * * 
Mr. Dapparro. 
Dr. SrroucuH. 
| Mr. Dapparto. 
Dr. SrroueuH. 
| Mr. Dapparro. 


Dr. Srrouau. 
Mr. Dapparto. 
Dr. Srrovuen. 
Mr. Dapparto. 
Dr. Srroven. 
Mr. Dappario. 
Dr. Srroven. 
Mr. Dappartio. 
Dr. Srroven. 
The CuHarrman, * * * 
Mr. Fuuron. * * * 

| The CuHarman, * * * 


* He HH HK 
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Mr. Fuuron. * * * 
Dr. Stroven, * * * 
| Mr. Funron. * * * 
Dr. Strrouan. * * * 
Mr. Fuuron. * * * 
Dr. Srrouan. * * * 
Mr. Funron. * * * 
| Dr. Srroven. * * * 
Mr. Futron. * * * 
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Dr. Strovex. * * * 

Mr. Fuuton. * * * 

Dr. Strouex. * * * 

Mr. Foxton. * * * 

Dr. Strroueu. * * * 

Mr. Furron. * * * 

Dr. Stroven. * * * 

Mr. * * * 

Dr. Stroues. * * * 

Mr. Fuuron. * * * 

Dr. Srrovex. * * * 

Mr. Furron. * * * 

Dr. Srroucu. * * * 

Mr. Furron. Thank you very much. I think it has been very 
stimulating to hear you. 

The Cuamman. If there are no further questions, we thank you 
very much, Doctor. 

The meeting will stand recessed until Monday morning at 10 o’clock, 

(Thereupon, at 12:45 p.m., the committee recessed, to reconvene 
Monday morning, 10 a.m., March 23, 1959.) 


| 
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House or RepresENTATIVES, 
CoMMITTEE ON SCIENCE AND ASTRONAUTICS, 
Washington, D.C. Monday, March 23, 1959. 

The committee met at 10 a.m., in room B-214, New House Office 
Building, Hon. Overton Brooks, chairman, presiding. 

The CuarrMan. The committee will come to order. 

This sagt | we have a number of witnesses, gentlemen of the 
committee. All of the witnesses are here to cover the general prob- 
lem of propulsion for space. 

Now we are going to hear them in open session. When they reach 
the point where they cannot talk further in open session, we will sus- 
pend and then later on go into executive session with all of the wit- 
nesses at the same time. 

We have Mr. Addison M. Rothrock, Scientist for Propulsion, Office 
of Program Planning and Evaluation of the National Aeronautics 
and Space Administration; accompanied by Mr. Elliot Mitchell, 
Chief of Solid Rocket Development of the NASA; and Mr. A. O. 
Tischler, Chief of Liquid Fuel Rocket Engines. 

We also have Mr. Roy Johnson, Director of the Advanced Research 
Projects Agency, Department of Defense; accompanied by Mr. Wil- 
liam H. Godel, Director of Policy and Planning in ARPA. 

I understand that two of the witnesses, Mr. Addison M. Rothrock, 
and Mr. Roy Johnson, both are going to talk in a general way along 
the same subject, and therefore it is desirable that we hear them 
together. 

If there is no objection, then, I will ask Mr. Roy Johnson, Director 
of Advanced Research Projects Agency, Department of Defense, and 
Mr. Rothrock to come forward and we will hear them at the same time. 

Mr. Jonnson. Mr. Chairman. 

The CuatrMan. Yes, I was looking for you, Mr. Johnson. 

Mr. Jounson. My briefing is secret, and therefore should follow 
Mr. Rothrock’s presentation. 

The Cuarrman. Mr. Rothrock. 

Mr. Rornrock. I am here, sir. 

The Cuarrman. Very well, Mr. Rothrock, would you proceed with 
your presentation ? 


STATEMENT OF ADDISON M. ROTHROCK, SCIENTIST FOR PROPUL- 
SION, OFFICE OF PROGRAM PLANNING AND EVALUATION, NA- 
TIONAL AERONAUTICS AND SPACE ADMINISTRATION 


_Mr. Rornrock. Gentlemen, you have been listening to many discus- 
sions on the various types of propulsion systems that we use in the 
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field of space flight, particularly propulsion systems in forms of chem- 
ical rockets, nuclear rockets, and electrical rockets. I thought it 
might be well to give you a general summary of these various types 
of propulsion systems and to go into the basic background involved 
to show the manner in which they are dependent upon well-known 
laws of physics and chemistry. Further I want to discuss the manner 
in which we choose our fuels and oxidants and our propellants and 
also the reasons for using each of the different propulsion systems, 
I will discuss the more representative types of sot systems. 

I am not going to advocate any particular type. I will try to give 
you a reasonable understanding of the different types and why we 
use them. I am going to talk from slides, and I will use the black- 
board somewhat. I am going to give you some two or three mathe- 
matical equations. The equations are rather simple. It is not so im- 
portant that you follow them as it is that you get an appreciation that 
most of the principles we use can be expressed in a rather simple 
manner. 

Much of the information I give you you will have heard be- 
fore. I think the grouping of it will be a little preferable to some of 
the previous discussions that have been given here. 

With that I will turn to the first slide (fig. 1). 


FIGURE 1 


IRBM AND ICBM TRAJECTORIES 


ICBM 
5500 NAUT MILES 


16,000 MPH 


IRBM 
1500 NAUT MILES 
9500 MPH 


Mr. Rorurock. It might be preferable if I sit down so that I will 
not be in the way of any of you gentlemen. ; 
There is listed on this slide the velocity required for an intermedi- 
ate-range ballistic missile or an intercontinental ballistic missile. 
Incidentally, I have put all of the velocities in miles an hour, since 
it isa term I think you are more familiar with. 
The intermediate-range missile requires a velocity of 9,500 miles 
per hour at the burnout point [indicating]. So we accelerate it to 
9,500 miles an hour, and then it goes through its ballistic trajectory. 


SPACE PROPULSION 255 


The ICBM requires a velocity of about 16,000 miles per hour at burn- 
ut. 
' Next we will consider a flight to the moon. That is shown in the 
next slide (fig. 2). 
FIGURE 2 


MOON LANDING 


DEPARTURE FROM EARTH SATELLITE PLATFORM 


LEAVE SATELLITE 
ORBIT av = 1500 


MPH 
ENTER SATELLITE 
ORBIT AV = -7000 
TAKEOFF 
av = 40000 
EARTH SATELLITE MPH 
(VELOCITY 17,000 MPH) LAND 
AV=-400 
MPH 


LEAVE SATELLITE 
ORBIT AV = 7000 
MPH 


ENTER SATELLITE 
ORBIT AV = -1500 
MPH 


VELOCITY REQUIREMENT 


INITIAL (EARTH SAT) VELOCITY 17,000 MPH 
MISSION VELOCITY 25,000 MPH 


The Cuatrman. Can all the members of the committee see these 
slides all right ? 

I would suggest this: We have members down at the far end. If 
they would come forward a little, they could see much better. There 
are vacant seats around the chair. 

Mr. Rornrock. If we accelerate the vehicle to a velocity of about 
17,000 miles an hour, the vehicle will then go into orbit around the 
earth. Most of you are familiar with that figure. 

If we give it another 7,000 miles per hour velocity, it will start into ” 
general space. If we aim it correctly, it will approach the moon, and 
at some point around 200,000 miles from the earth, 40,000 miles from 
the moon, the moon’s gravitational pull will exceed that of the earth, 
and it will approach the moon. If we then slow it down by 1500 miles 
an hour, it will go into orbit around the moon and continue there. 

If we slow it down another 4,000 miles an hour, it will then land on 
the moon, and if we increase its velocity from the moon 4,000 miles 
an hour, we can put it back into a moon orbit; another 1,500 miles an 
hour starts it on its return journey to the earth. 

If it is aimed correctly, it approaches the earth, and if we decrease 
its velocity by 7,000 miles an hour, it goes into orbit around the earth. 
If = decrease it another 17,000 miles an hour, it will land on the 
earth. 
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These velocities are summarized in the next slide (fig. 3). 
FIGURE 3 
(1) TO REACH EARTH ORBIT + 17,000 MPH 
(2) TO LEAVE EARTH ORBIT + 7,000 MPH 
{5) TO ENTER MOON ORBIT - 1,500 MPH 
{4) TO LAND ON MOON - 4000 MPH 
(5) TO REENTER MOON ORBIT + 4000 MPH 
(6) TO LEAVE MOON ORBIT + 1,500 MPH 


(7) TO ENTER EARTH ORBIT -—- 7,000 MPH 
(8) TO LAND ON EARTH - 17,000 MPH 
TOTAL VELOCITY CHANGE 59,000 MPH 


Mr. Rornrock. We have a total velocity change of roughly 60,000 
miles an hour. All except the last 17,000 will have to be provided by 
the propulsion system. In returning to the earth from an earth orbit, 
we can use the resistance of the atmosphere to slow the vehicle down. 
Considering this figure with that for the ICBM or IRBM, we can 
conclude then that the propulsion tag of a space vehicle is a device 
for changing the velocity of the vehicle. The propulsion system does 


not care whether it is asked to increase or decrease the velocity. It is 
only interested in how much the velocity has to be changed. 
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On the next slide (fig. 4) we summarize the propulsion system. 


FIGURE 4 


PROPULSION SYSTEM COMPONENTS FOR 
SPACECRAFT 


CHEMICAL 
source 


SOLID 
PROPELLANT LiQuip 
PHOTONS 


[TRANSFORM ENERGY TO HEAT OR ELECTRICITY — 
POWER PLANT —{ TRANSFER ENERGY TO PROPELLANT 

| ACCELERATE PROPELLANT 

[METALS 

CERAMICS 

PLASTICS 

|_LUBES 


HEAT LIQUID 


Mr. Rornrock. We have to have some energy source, obviously, to 
cause changes in the vehicle velocity. The energy can be either chemi- 
cal or nuclear. We have next what we call the propellant, but before 
I go to that, I want to use the blackboard. 

he propulsion system changes the vehicle velocity by exerting a 
force, that is a push, on the vehicle. This force is produced by accel- 
erating a mass, the propellant, from the vehicle. This mass, in current 
systems, is the exhaust jet as discharged from the rocket nozzle. The 
force, /’, is equal to the pounds per second of exhaust gas discharged, 


- times the velocity Vy with which the jet is discharged : 


MATERIALS 


Without going through the actual derivation, the change in the vehicle 
velocity, Vy can be expressed in terms of the jet velneity, the total 
mass of propellant, M/p, discharged during the velocity change and the 
gross weight of the vehicle, Mfg, at the start of the velocity change: 


Vy=Valn 
in which 


In the equation we use the logarithm (In). I don’t want to confuse 
you with that term if you are not familiar with logarithms, other than 
to say if the vehicle weighs five times as much at the start of the flight 


as at the end of the flight (M¢/Mz=5), then this number (In a) 
becomes 1.6. If the vehicle weighs 10 times as much at the beginning 
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of the flight as at the end of the flight, in other words, 90 percent of 
the vehicle is propellant, the logarithm 1s 2.3, so we do not get the same 
effect that we would have if the direct ratio rather than the logarithm 
was used. This is a relatively simple formula, and it applies to all 
vehicles in space. We see that we are interested in the velocity of the 
propellant jet coming out of the propulsion system, and the ratio of 
the weight of the vehicle at the start of the flight to the weight at the 
end of the flight. 

I have used the velocity of the jet. You people are more familiar 
with the term “specific impulse.” The specific impulse is simply the 
jet velocity divided by a given number. I can use either specific 
impulse or jet velocity. I will use both. 

If I divide the jet velocity in miles per hour by 22, I get the specific 
impulse in pounds of thrust produced per pound of propellant dis- 
charged per second. 

Returning to the slide, in addition to the energy source, we must have 
the propellant that is discharged as a jet from the vehicle. This pro- 
pellant can be carried either as a solid, as we do in what we term a 
‘solid rocket”; it can be carried as a liquid, what we term a “liquid 
rocket”; it could be carried as a gas, except it wouldn’t be a very effi- 
cient thing to do. The propellant could be photons, that is, energy 
impulses, energy from the sun reflected from a large sail, or energy 
from some power system carried aboard. Use of photons is in the 
future. 

Currently, we carry the propellant as a solid or liquid and discharge 
it asa gas. The propellant is changed into a gas within the voli 
The gas originally is in the vehicle at zero velocity with relation to 
the vehicle. We then accelerate it to 6,000 or more miles an hour, 
This acceleration produces the reaction force which drives the vehi- 
cle forward. This is the same whether our energy source is chemical or 
nuclear. 

We have the powerplant proper, the purpose of which is to trans- 
form the chemical or nuclear energy into heat or electricity and then 
to transfer this energy to the propellant and accelerate the propellant 
and discharge it out the rear of the rocket. 

We have the materials of which the powerplant is made—metals, 
ceramics, plastics, lubricants. I have listed lubricants here for want 
of a better place to put them. 

In certain cases we use heat. transfer fluids. We will use them 
in some of the advanced concepts of space propulsion. 

This morning I am going to discuss the energy source, the pro- 
pellant, the materials, and the powerplant. We will end up by 
putting them all together and looking at the missions we want 
to accomplish with them. 

I stated that the energy source is either chemical or nuclear. 
In either case, it must come from one or more of the elements as 
expressed in the periodic table [indicating], figure 5, and it makes 
no difference whether I am talking about generating energy in the 
form of heat or electricity. Any time we are interested in a property 
of the elements, it is well to plot the property against the atomic 
number of the element, 1, 2, 3, 4, 5, 6, and so forth, but before we 
do that, we want to look into the kind of reactions we get in trans- 
ferring chemical or nuclear energy into heat or electricity. 
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Mr. Rorurock. There are in general two types of reactions: 
combination in which we combine two elements or compounds such 
as hydrogen (H,) and oxygen (O,) (fig. 6), to get water (H,0) 
plus energy (eV); and decomposition in which we break up a com- 
pound or element, the decomposition of hydrogen-peroxide (H,0,) 
into water plus oxygen, plus energy. 

In the nuclear reaction (fig. 6), we have the same thing. We have 
a combination (that is, fusion) of heavy hydrogen, ,H” plus heavy 
hydrogen, giving helium (,He*) plus neutrons (n) energy. We 
have decomposition, the fission of uranium (»92U**), giving us 
cesium fasts) barium (;.Ba™°), and so forth, or the radioactive 
decay of polonium (,,Po"°) into lead (s:Pb**) and helium plus 
energy. 

In the case of chemical reactions, the elements do not change: 
hydrogen and oxygen giving a compound of hydrogen and oxygen, 
and so forth. 

In the case of nuclear reactions, the elements do change, hydrogen 
and hydrogen giving us helium; uranium, giving us cesium, barium, 
strontium, and so forth. That is the essential difference between 
a chemical and a nuclear reaction. 


FIGURE 6 


TYPICAL REACTIONS 


CHEMICAL - 
Ho + 502 > eV 


NUCLEAR - 
H?-> oHe?+n+eV 


Mr. Rorurock. Now, let’s go through the elements in the periodic 
table and plot their energy release. 

First, in a nuclear reaction (fig. 7). From uranium, to your right, 
we work with fission. That is decomposition. Uranium, you re- 
member, tends to break up into lighter elements. The same with 
the other heavy elements, down to say, bromine. 

With the light elements, such as hydrogen and helium, we fuse 
them into heavy elements. So we get energy either by breaking up 
the atom or by combining atoms. 

With the decomposition (fission) of uranium, the energy output is 
50 times 10 to the ninth B.t.u.’s (British thermal units) per pound. 
Don’t concern yourself with the actual value. We are interested in 
the relative value. 
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If we could fuse hydrogen directly to calcium or bromine, we would 

t 335 times 10 to the ninth, or roughly 6 times as much energy as 
with uranium fission. In practice we don’t do that. We fuse the 
hydrogen to helium and again the energy released is about 50 times 
10 to the ninth B.t.u.’s per pound. 

I have drawn the curve to show the manner in which the points are 
related. You will notice it is a continuous curve. 


FIGuRE 7 


MAXIMUM NUCLEAR ENERGY AVAILABLE 
FROM FISSION OR FUSION REACTIONS 
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Mr. Rorurock. Now, we go to chemical reactions (fig. 8). 

In the first place, instead of having an exponent of 10 to the ninth, 
I have an exponent of 10 squared. That means the energy here is in 
the order of 49’, that is “4,900,000 of that we got with the nuclear 
reaction. That is why we want to use nuclear reaction. 

The curve showing the energy released by the chemical reactions is 
periodic. The reason is that a chemical reaction involves the electrons 
that surround the nucleus. The number of electrons in the outer shell 
vary successively from one to eight, and in general the outer electrons 
are involved in a chemical reaction, so we go successively from one to 
eight, and go through a series of maxima regardless of the total weight. 

e highest energy peaks are with hydrogen (H), beryllium (Be), 
aluminum (A1) sa baedien (Sc). We will look at these areas in 
more detail. 

(Fig. 8 follows. ) 
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Figure 8 


REACTION ENERGY WITH OXYGEN 


|| 


50 60 
ATOMIC NO. 


Mr. Rornrock. In the next slide (fig. 9), I have simply expanded 
the curve. We have hydrogen, lithium, beryllium, boron, carbon, 
magnesium, aluminum, and so forth. 

In addition to the symbol for the element, I have listed the boiling 
temperature of the oxide formed. When beryllium burns with oxy- 
gen, it forms beryllium oxide, with a melting temperature of 7,000° 
Fahrenheit; aluminum oxide has a melting temperature of 4,000°. 
These are, in fact, what we term “ceramics.” 

If the exhaust je+ in our rocket turns from a gas to a liquid at 
7,000°, we will get a liquid in the exhaust because we are not working 
at temperatures above that. Liquids are difficult to use in the exhaust 
gas and we may not get the energy we want from them. Consequently, 
these materials that have high boiling points, we will use in small 
quantities. But whether we are talking about a liquid rocket or a solid 
rocket, the fuel in general will consist of one or more of hydrogen, 
lithium, beryllium, boron, carbon, magnesium, aluminum. There is 
research interest in some of the others. 
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FIGURE 9 
REACTION ENERGY WITH OXYGEN 
LISTED: 
PRIMARY OXIDES AND 
APPROX. BOILING OR 
tooxioz 7000" SUBLIMATION POINT IN °F 
Li, 0 
w 3000° 
75+ 
! MgO 
> 4c 
ast 


Mr. Rornrock. Now, we can tabulate these fuel elements for a 
chemical reaction in the next chart (fig. 10); to save time I am not 
going to talk about the section of the slide labeled electricity. 

In chemical rocketry we have a fuel which consists of one or more 
of these elements (indicating). In general, the oxidant will be fluo- 
rine or oxygen. From the energy standpoint fluorine is preferable to 
oxygen. We have listed two elements, nitrogen and chlorine as car- 
riers. They are very handy elements to get these fuels or oxidants 
into compounds with which we can work. 

(Fig. 10 follows.) 
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Figure 10 
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Mr. Rorurock. If we look at a table of fuels and oxidants for 
rockets, either solid or liquid, we know that we will see these ele- 
ments, and they will appear and reappear in different combinations. 

I have shown some of them here (indicating) (tig. 11). I have 
limited myself to liquid propellants because they are a little simpler to 
handle from the standpoint of classification. 

In the slide we have the propellant velocity in miles per hour, that 
is the jet velocity, and I have also listed the specific impulse in pounds 
of thrust, per pound per second of flow, roughly the velocity divided 
by 22. The specific impulse is the number you are generally given. 
We start with specific impulses here of 225, using nitric acid 
(HNO,.NO.) as the oxidant and kerosene C;H,s as the fuel, and we 
go up in specific impulse until we have oxygen and hydrogen, fluo- 
rine and oxygen, or ozone (O;) a form of oxygen, and hydrogen. 

In general, as we go up this scale, we tend to go from solids to liq- 
uids to gases. Obviously, it would be simpler if we could use solids, 
next liquids, with gases the most difficult, because with the gas we 
have to decrease its temperature to the point that it will be a liquid 
when we handle it. 

Currently, in our large missiles we are using liquid oxygen (a gas 
at normal Gaepasetnivey and kerosene. We are definitely interested 


in the oxygen-hydrogen rocket because of its higher specific impulse. 
The higher specific impulse, the less propellant you have to carry 
with you. As I stated before, the thrust produced is the pounds of 
propellant discharged per second times the jet velocity. 6 

if velocity is high, the pounds per second can be low. 


bviously, 


SPACE PROPULSION 265 
Fieure 11 


PERFORMANCE OF REPRESENTATIVE ROCKET PROPELLANTS 
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a CuairMAN. Well, then your most efficient fuel is that ozone 
fuel 

Mr. Rornrocs. That is right. 

The CHatrman. Why don’t you use that? 

Mr. Rornrock. We do not know as yet how to keep oxygen in the 
form of ozone. It wants to decompose. 

The CuHamrman. What is ozone 

Mr. Rornrock. Instead of two atoms of oxygen combined to form 
a molecule, three atoms are combined to form a molecule. It is what 
we call an unstable compound. Work is going on to try to devise 
means to maintain it as a stable compound. “We know fluorine is 
better than oxygen, but fluorine is almost a universal solvent. It is 
difficult to use from that standpoint. Research is going on to solve 
this corrosion problem. 

In some cases hydrogen, a fuel, appears in the oxidant. In some 
cases you may have oxygen, an oxidant, appearing in the fuel. We 
don’t want that, but in trying to get solids or liquids that we can 
use, we form compounds of this sort. 

The jet velocity, that is, the specific impulse, is proportional to 
the square root of the temperature (7') of combustion in the rocket 
divided by the molecular weight (m) of the exhaust gas, 

1} am going to use the blackboard here just a minute again: V, varies 
as ¥ 7T/m 
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The jet velocity or the specific impulse, either one, is proportional 
to the square root of the combustion temperature over the molecular 
weight of the gases in the exhaust gas. 

In the first reaction I showed, hydrogen plus oxygen, the exhaust 
gas is HO, which has a molecular weight of 18. If I was usi 
carbon, the exhaust gas is CO., which has a molecular weight of 44, 
Obviously, we want these molecular weights low because we want 
the ratio 7'/m high [indicating]. The temperature which we can 
get in a chemical rocket is the temperature of combustion, the tem- 
perature formed when the fuel and oxidant burn. The molecular 
weight of the exhaust gas, is determined by the chemical elements in 
the fuel and oxidant. 

Now, suppose we weren’t limited in this manner, suppose we could 
use anything for the propellant (exhaust gas); suppose I could use 
hydrogen with a molecular weight of 2. Well, 18 over 2 is equal to 9, 
and the square root of 9 is 3, the specific impulse with hydrogen for 
the same temperature would be about three times as much as that 
with steam (H,O). But to use hydrogen I must have another source 
of heat. Obviously, this source of heat can be nuclear energy. If I 
sn hydrogen through a nuclear reactor and heat it in this manner, 

eat it to the same temperature I did with these other materials, I 
will get specific impulses of the order of three times as high. This 
essentially is why we are interested in the nuclear rocket. 

There are of course disadvantages. There is nuclear radiation, 
and the temperature problem. I will go into that in more detail later. 

We see, then, with a thermal rocket the temperature is that of the 
chemical reaction and is dependent upon the chemicals used for fuel 
and oxidant. It will vary from somewhere between 5,000° Fahren- 
heit to, say, 7,000° Fahrenheit. The molecular weight is going to 
vary from about 30 or 32 for a current solid rocket to a figure around 
22 for a current liquid rocket. If I go to a nuclear rocket, the tem- 
peratures may be somewhat lower, but the molecular weight is now 
going to be down to two. 

Suppose we could remove this temperature limitation entirely. 
Then we would be able to get still higher jet velocities. 

In a thermal rocket, whether it be chemical or nuclear, actually 
what we do when burning or heating takes place is increase the ran- 
dom velocities of the molecules in the combustion or heating cham- 
ber. ‘The temperature to which the gas is raised is a measure of the 
velocity of the molecules, the individual molecules. By expanding 
the gas through the rocket nozzle random velocities are changed 
to directed velocities and the exhaust gas is thus accelerated to the 
jet velocity. This is the basis on which a thermal rocket, either 
chemical or nuclear, acts. 

Is there another means of increasing this velocity rather than 
through heating ? 

Yes; there is. If we put an electrical charge on our molecules, 
and then put the charged molecules in an electrical field, the mole- 
cules will be accelerated to a high velocity. 

Now we have another equation. The specific impulse or the jet 
velocity varies as the square root of the charge on the molecule (Q) 
times the voltage of the electric field (#) again divided by the molec- 
ular weight (m). I, varies as¥EQ/m 
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This equation and the previous equation are similar. In each 
case molecular weight appears. For thermal rockets we have tem- 
peratures. For the electric rocket we have charge time voltage. 
There is a limitation on temperature. This currently is of the order 
of 5,000° or 6,000° Fahrenheit. There is virtually no limitation on 
voltage. So whereas I can talk of velocities of the order of 9,000 
miles per hour to 25,000 miles an hour for thermal rockets, I can talk 
of velocities of the order of 300,000 miles an hour for the electric 
rocket. 

Specific impulses are up to 425 with a chemical rocket, with a 
nuclear rocket, say, up to 1,200. But specific impulses of 10,000 or 
more are possible with the electric rocket. This is why we are inter- 
ested in what we call the electrical rocket, the ion-jet or the plasma-jet. 

Now, I want to show you what we mean by an ion. The oxygen 
atom illustrated (Fig. 12), as in the case of all atoms, has a nucleus 
containing (for oxygen eight) positive charges which we call pro- 
tons and containing neutral charges, which we call neutrons. Around 
this nucleus we have the negatively charged electrons in orbit. In 
this case (oxygen) there are eight. Now, if I remove one of those 
electrons, I still have eight positive (proton) charges, but there are 
now only seven negative charges. I have one more proton than I 
have electrons. Consequently the oxygen atom which we now call 
an oxygen ion is charged and in an electric field, it will be accelerated. 


FIGuRE 12 
OXYGEN ATOM OXYGEN ION ELECTRON 
a ™ 
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Mr. Rorurock. We have used two terms, an ion-jet and a plasma- 
jet. 

' In an ion-jet, the electron is physically separated from the ion. It 
goes through another passage, and is also accelerated electrically. 

If the temperature is high enough, the electron can remain with the 
ion without recombining. We call this a plasma. Ions are single 
atoms or molecules charged electrically. A plasma is a mixture of 
the ions with the free electrons. 

Without going into the details, an electrical field will accelerate an 
ion gas. An electromagnetic field will accelerate a plasma gas. 
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Now, it takes energy to ionize a gas that is to knock the electron off. 
That energy we do not regain. So in either an ion or a plasma-jet we 
are interested in how much energy it takes to knock the electrons off, 
Again I go to the periodic table, and for each of the elements I plot 
the energy in B.t.u.’s, British thermal units, per pound, against the 
atomic number, and as before we get a pentodie variation (Fig. 13), 
This, of course, is the beauty of the periodic table. We see that the 
low molecular weight gases we wanted to use with the nuclear reactor, 
hydrogen, or helium, take a great deal of energy just to knock the 
electron off. Consequently, we would sooner come down here to the 
lower energy values [indicating]. Since with the electrical jet we 
are not concerned with heavy molecular weights, we can use, dor in- 
stance, cesium, with an atomic number of roughly 55, and with a low 
amount of energy required to knock the electron off. Also cesium is 
a liquid at normal temperatures. The elements or compounds we 
will use for propellants in ion-jets or plasma-jets are not firmed up as 
yet. We need much more research on them. 

Summarizing we see we can use chemical energy but we are limited 
by temperature and molecular weight. We can use nuclear ener 
where the molecular weight can be much lower but we still have a 
current temperature limitation. We can use electrical energy, in 
which we can use heavy molecules, but since the temperature limitation 
has been removed and we can get very high specific impulses. 
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Mr. Rorurock. Now, why don’t we do this? 

Well, for several reasons: 

There is a particular problem that now comes in, and I will put on 
what will be my last mathematical formula. 
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As I said, the thrust produced from a thermal jet or an electric jet 
is equal to the pounds of propellant discharged per second times the 
velocity increase of the propellant, the velocity of the jet. Obviously, 
if I increase jet velocity, I can decrease the pounds per second of pro- 

llant discharged. Higher jet velocities therefore mean less propel- 

ant to carry and therefore greater payloads. 

To get these jet velocities I have to put gig into this jet, horse- 
power, kilowatts, whatever we want to call it, and the power (P), 
required is equal, leaving out a constant, to the propellant rate of dis- 
charge (M/p/t) but now times the jet velocity (V,) squared: P varies as 


> times V,’. Consequently, for a given thrust, the power required 


varies directly as the jet velocity. 

In our chemical thermal rockets we run about 10 horsepower per 
pound of thrust. In our nuclear rockets about 30 horsepower per 
pound of thrust. The electric rockets require about 400 horsepower 

er pound of thrust. This means that much electrical power has to 
be generated. This means an electrical power plant of some sori, and 
current electric power plants are heavy. We will go into this later 
in more detail. 

We have now looked at the propellants, the energy sources, and the 
means of accelerating the rocket jet. Let’s look briefly at the materials 
weuse. In the next slide (Fig. 14) I have plotted the operating tem- 
peratures of various alloys (you needn’t concern yourself too much 
with these specific names) against the permissible temperature and the 

ear. These are the permissible temperatures for turbo-blades in tur- 
Line-jet engines. This is about the most severe temperature require- 
ment we have currently. 


FIGurE 14 
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Mr. Rornrockx. From 1945 to 1957, a period of 12 years, we have 
increased that temperature about 300°. There are many highly com- 
petent people in well-equipped laboratories working on these material 
problems. We are, and we should continue to work on them. How- 
ever, we cannot expect rapid progress. We will hope for it. We 
cannot tell the operating people we are going to achieve these higher 
temperatures quickly. 

Now, let’s look at the situation from the standpoint of the elements, 
and again we go to the periodic table and this time we plot the melting 
temperature against the atomic number (fig. 15). You notice that 
we continually come back to the periodic table and the atomic number 


of the elements. 
Ficure 15 
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Mr. Rornrockx. Again we get a periodic variation. I will read 
these off, because they are too small for you to see. We have a peak at 
carbon (C), silicon (Si), chromium (Cr), molybdenum (Mo), and 
tungsten (W). Obviously, we would like to work with materials of 
high melting temperature [indicating]. Currently, we work around 
here [indicating], using chromium, iron, nickel, cobalt, with smaller 
amounts of columbium (Nb) and molybdenum (Mo). 

Several things happen as we go to the right from one peak to the 
next. First, the materials become more rare in the earth’s crust. This 
may not be a disadvantage. It depends on how much of them we want. 
Second, due to the fact that the melting temperature is higher, the 
material is harder to work with. This, of course, is inherent. Also, 
the materials tend to react. chemically, that is they are corrosive. 
There is much work going on with molybdenum and columbium—we 
use them in smaller amounts in our current alloys. We would like 
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to use tantalum (Ta) and tungsten, but we must learn how to fabricate 
them better and overcome their tendency to corrode in the presence 
of gases. Much research is going on in these fields. 

ow, suppose we could go to 80 percent of the melting temperatures 
of these materials, as shown in the next slide (fig. 16) for nickel 
base, molybdenum base, tungsten base, and the carbides (ceramics). 
Currently, we run at about two-thirds of the melting temperature of 
the major constituent in the alloy. Our goals are now approached. 


Figure 16 
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Mr. Rornrock. Again in the field of materials we are working hard. 
We should continue to work hard. Progress is not going to be easy, 
unless someone comes up with a true breakthrough. 

The Cuarrman. What is the maximum temperature ? 

Mr. Rornrock. Here? 

bees CuarrMaAn. Yes, that you can use, usable maximum tempera- 
ture 

Mr. Rornrock. 7,000° with a chemical rocket, would certainly be 
sufficient. With a nuclear rocket we would like to go to much higher 
temperatures. In a chemical rocket, the maximum temperature you 
get is the combustion temperature. There is no need to try to go 
over that. 

With the nuclear rocket the nuclear reactor can go to as high a 
temperature as the material will stand. We would like to go to higher 
permperacunes than we have here, but we do not as yet know how to 

o it. 

Now, we have looked at the energy, propellant, and the materials. 

We will look now at the powerplant, itself. 
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I have here (fig. 17) the thermal rockets, the chemical solid, the 
chemical liquid, and the nuclear. In the solid, the burning takes 
place from the inside out. The case doesn’t have to withstand too 
much temperature. The nozzle has to withstand the full combustion 
temperature for the full duration of burning. 

In the liquid rocket I have a tank of oxidant and a tank of fuel. 
They are forced under pressure or pumped by means of turbines 
into the combustion casted T can take either one of them, pn 
the fuel, and before I discharge it in the combustion chamber, pass 
it over the walls of the chamber and nozzle, and thus use it as a 
coolant. So although the combustion chamber and the nozzle are sub- 
jected to the total temperature for the whole duration, I can cool the 
nozzle and combustion chamber. Consequently, although the solid 
rocket is limited in the time it can run, the liquid rocket, within rea- 
son, is not [indicating]. 

In the nuclear rocket we have a different situation. The heat, in- 
stead of flowing from the gas (the propellant) to the metal, is now 
from the solid reactor to the gaseous propellant. Consequently, in 
this case the solids in the reactor have to be at a higher temperature 
than the gas. With the chemical rocket the solid is at a lower tem- 
perature than the gas. 


FIGuRE 17 
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Mr. Rornrocx. We have summarized the situation in the next 
slide (fig. 18), in which I have listed as chemical propellants, the solid 
pret. RP-1 (that is kerosene) and oxygen; and hydrogen and 
fluorine. We also have the nuclear rocket with hydrogen as the pro- 
pellant. Here are the temperatures of the propellants, 5,500 to 7000 
for the chemical] rockets. These temperatures can be increased or 
decreased 500° or so without changing the argument. 
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The material temperatures are next. For the solid rocket, the pro- 

lant case is at a relatively low temperature. The nozzle temper- 
ature is shown as 3,500° F. With the liquid chemical rockets, the 
cooled poems chamber and the cooled nozzle are at 1,200 to 
1,400° F. 

"With the nuclear rocket the reactor material has to go to a higher 
temperature than does the propellant. I have listed two temperatures, 
3,500° Fahrenheit and 5,500°, without saying anything as to how we 
can or whether or not we can get these temperatures. In this case the 
solid has to be at a higher temperature than the propellant. These 
propellant temperatures [indicating] are therefore lower than the 
material temperatures [indicating]. 

When we come to molecular weight—remember, we are interested in 
the temperature over the molecular weight—in general the solid chemi- 
cals have a higher molecular weight than the liquids. We take the 
square root of the temperature over the molecular weight, multiplied 
by suitable constants, and get the jet velocity in miles per hour as 
shown in the last column. 

If I divided these velocities by 22, say 20, roughly, I have specific 
impulse : 250 here, 300 here, 425 here. 

e see the manner in which specific impulses increase as we go 
down the chart. This is the direction in which we would like to go. 
Temperature is the major problem in our nuclear rockets. 

I mentioned if we can increase the specific impulse, that is, the jet 
velocity, we can carry less propellant and therefore more payload. 
If I cut the propellent weight in half, I can put that weight into 
payload. 


Figure 18 
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Mr. Rorurock. There is another means of getting around this 
limitation on specific impulse. That is to stage rockets, simply piling 
one rocket on top of another, firing them successively. In this slide 
(Fig. 19) I have considered three-stage rockets. I have assumed that 
the fuel in this first one is kerosene (RP-1), with oxygen as the oxi- 
dant, such as we are using at Canaveral in the large missiles. We 
will assume a payload of one hundred pounds to be used in a moon 
probe mission, that is, have it go close to the moon. This means 
roughly that we must give it a velocity from the earth’s surface of 
24,000 miles an hour. 

I have arbitrarily decided that the weight of the structure of each 
stage of this rocket is 9 percent of the gross weight of the stage. 
Obviously, we want that as low as possible because we want the 
weight to be propellant and payload. The payload is also assumed to 
be 9 percent. Therefore, the propellant is 82 percent. I have started 
with the 100-pound payload and worked back, and I come up with a 
final gross weight of 135,000 pounds to put the 100-pound payload 
into a moon probe. This is the kind of numbers we are working with 
currently. 

Now suppose I used a higher specific impulse propellant such as 
fluorine-hydrogen and suppose I used it throughout the system and 
started with the same gross weight of 135,000 pounds. Because the 
specific impulse is now increased, I do not have to use as much pro- 
pellant and I can put all of the increase in payload. Because these 
rockets are staged, these increases multiply; I now come up with 
1,500 pounds of payload as against the previous 100 pounds. 

Why do we not do this now? Because we do not know how. We 
are doing research on it. Let us go to something we can work with 
more easily, such as oxygen and hydrogen—and we are working on 
this now—and let us make the problem a bit easier also. Let us use 
the same first stage here that we used here; in other words, oxygen 
and RP-1. Now our gains in the upper stages increase the payload 
from 100 pounds to 400 pounds. This obviously is worth doing. 
This is an engineering job rather than a research job such as is the 
case with the fluorine. I have given a ratio here between weights of 
stages of about 10 to 1. Normally we use them at about 4 to 1, but 
the final results are not too different. Until we can get the higher 
specific impulses we want, we will use staged rockets, and we will 
use quite a few stages, four, five, six, and even seven stages, when we 
talk about going to the moon, for instance, landing, and returning. 
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FIGurE 19 


ROCKET SYSTEMS FOR MOON PROBE 


PL PAYLOAD, LB rf 1,500 PL 
P PROPELLANT, LB 6,200 P 
St STRUCTURE, LB 1,000 a 400 PL 
1,500 P 
War + 100 st* 17,900 P 
3600 2,100 PL 
Mc, +Mp+M py 10,000 P 1 400 
1,100 st* = 
80" 110" 95' 
12,200 PL 30,200 PL 12,200 PL 
111,100 P 89,000P 111,100P 
12,200 St* 16,300 12,200 St* 
OXIDENT O2 FLOURINE 02 
FUEL HYDROGEN RP-1,,H295 
PAY LOAD,LB 100 1,500 400 
GROSS WT.,LB 135,500 135,500 135,500 


Mr. Rornrock. So much for the thermal rockets where the energy 
is either chemical or nuclear. Now we will go to the ion or plasma 
rocket, the electro or electromagnetic rocket. 

I have shown this rocket (fig. 20) as a block diagram rather than 
drawing a picture of it. I have done that purposely. We do not 
know as yet in a definite manner how these propulsion systems will 
look, what. they will look like. Much saaaael must be done on that. 

Again we have the propellant, say it is cesium and we have a de- 
vice, an electrical device in which it is ionized, in which the electrons 
are knocked off. The energy to do this is electrical energy. That 
energy is lost. Then we take the electron, if we are going to use an 
ion, through a separate accelerator from the ion accelerator. By 
means of an electric field ions and electrons are accelerated to the rear 
to give our propulsion force. After discharge electrons and ions are 
again combined. If it is a plasma we do not have to separate the 
electrons from the ions and an electromagnetic field is used as the ac- 
celerative force. Do not be misled into thinking a plasma will there- 
fore be simpler than an ion jet. Based on our current knowledge, the 
ion jet is more straightforward propulsion. We are doing research 
on both. When I say “we” I am speaking in broad terms of the Na- 
tion as a whole. There is, of course, much research on all of these 
devices going on in the laboratories and under the contracts of the 
National Aeronautics and Space Administration. 

(Fig. 20 follows.) 
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Figure 20 
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Mr. Rorurock. Now, let’s compare the ion or plasma jet with the 
thermal jet, either chemical or nuclear (fig. 21). 

I have assumed that we are going to leave an earth orbit, go to the 
moon, land on the moon, take off, and return to earth orbit. The total 
velocity change is 25,000 miles an hour, some of it increasing, some 
of it decreasing. Remember, the propulsion system does not care 
whether it is asked to increase or decrease the velocity. 

I have used two chemical rockets, a nuclear rocket, and an ion 
rocket. With the chemical rockets the propellants are liquid oxygen 
and kerosene, and fluorine hydrogen. ith the nuclear rocket the 
propellant is hydrogen. I have again given the propellant velocities 
im miles per hour. These values are somewhat higher than I gave 
before because of the different conditions under which we are operat- 
ing. If I divide these velocities by 22, I have the specific impulses. 
With the ion rocket using cesium, I have a jet velocity of 300,000 
miles an hour, specific impulse 13,600 pounds of thrust per pound of 
per second. 

These large magnitudes should not concern us too much. We simply 
aren’t used to working with them. We will be. We weren’t used to 
working with 600-mile-per hour airplanes 20 years ago. ‘That doesn’t 
concern us too much now. 

Again, using the original equation that the velocity of the vehicle 
is the velocity of the propellant times the logarithm or simply a func- 
tion of the gross weight of the vehicle at the start of flight to the gross 
weight minus the propellant used, during the flight we compute this 
ratio for the different propulsion systems used on this moon mission. 

The results are expressed as ratio of propellant weight to gross 
weight (Mp/Mcg) for the first chemical rocket the value is 98 per- 
cent; for the chemical hydrogen-fluorine rocket, 93 percent; with the 
nuclear, 60 percent; with the ion rocket, 9 percent, or say 10 percent. 

With the oxygen-kerosene chemical rocket I have to get the payload 
and the structure in 2 percent of the gross weight. This we do not 
currently know how to do; 121% to 7 percent is a more reasonable figure. 
yor: game we would have to use rocket staging to overcome the 

ifficulty. 

With the nuclear thermal rocket, I am in a pretty good situation. 
With the ion rocket, I am better off. I could have about 90 percent 
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of the gross weight for the powerplant, itself, plus the additional struc- 
ture plus the payload. Now, the difficulty is here [indicating]. It is 
the horsepower that has to po into the jet. That horsepower is 400 

r pound of thrust. If I assume a powerplant, and I am going to 
at to have this power in the form of electricity, a powerplant weight 
of 10 pounds per horsepower of electric energy produced, which is 
currently not a bad figure, the weight will be 4,000 pounds per pound 
of thrust. 

If I have a 10,000-pound vehicle and allow 4,000 pounds for the 
powerplant, I only have 1 pound of thrust for the 10,000 pounds weight. 
The thrust is one ten-thousandth of the total weight. Until we get 
weights of electric powerplants much below the current figure, the 
thrust for the ion or plasma jets is going to be a very small fraction of 
the gross vehicle weight. This means I can only use the electrical sys- 
tem when my vehicle is sufficiently far from any of the heavenly bodies 
so that their gravitational fields are very small or when the velocity is 
such that it is counterbalancing the gravitational field. I could not use 
the electric rocket to take off from the earth. After the vehicle is in 
orbit around the earth, I could use the electric rocket to accelerate it out 
of the orbit, but it would take the order of—I have forgotten the exact 
figure—about 40 days. I wouldn’t use this to go to the moon, which 
only takes 2 or 3 days with other propulsion systems. But when we 

to Mars or Venus, where we are talking about many days, then 
an consider this system because of the low propellant to gross 
weight. 
FIGure 21 
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Mr. Rornrock. Timewise, first we are going to have chemical sys- 
tems, and I think we are going to use chemical systems. For the 
more difficult missions we have the nuclear or the ion jet. The 

icture is not entirely clear between them. The chemical rockets are 
argely development projects. There is some research. The nuclear 
and ion rockets are definitely in the research stage as of now. 

Let us look at a couple of missions. The first is a round trip 
to the moon (Fig. 22). It is going to take an eight-man crew. We 
will land them on the moon from an earth orbit and bring them 
back to an earth orbit. If I use chemical fuels with a specific impulse 
of 300, that is a jet velocity around 6,500 miles per hour, and I want to 
bring back to earth orbit a total load of 10,000 pounds with the 
men’s container, the weight in earth orbit, not from the ground, 
but the weight in orbit at the start of the trip, would have to be 
350,000 pounds. If I used, say, hydrogen-oxygen or hydrogen-fluorine 
with its higher specific impulse, higher jet velocity, I could cut that 
down to 175,000 pounds. With the nuclear rocket, and admittedly 
the statements here are not as accurate, I cut it down to 150,000 pounds, 
The nuclear-electric system is still lower, but the time to accelerate 
from the earth’s orbit is pretty long. Currently, the choice between 
chemical and nuclear, is decided in favor of the one we know most 
about. Currently it is the chemical. We will therefore probably use 
that first for the moon trip. ' 

FIGURE 22 
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Mr. Rornrock. Now let’s go to Mars (Fig. 23). The situation is 
different. The required vehicle velocity change is greater, and we 
will also have a much greater load because we are going to be longer 
on this trip, the order of a couple of years. 
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Now, the gross weight, the estimated weight from the earth orbit 
with oxygen-kerosene is 7,300,000 pounds. That is a very heavy 
weight, obviously. If I go to the hydrogen-fluorine rocket, I cut that 
down to almost a third. If we go to the nuclear or ion rocket, I bring 
the weight down here to say 600,000 pounds. 


FIGuRE 23 
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Mr. Rorurock. Obviously, for this situation we would much sooner 
use the nuclear rocket or the electric rocket. The ion or plasma- 
jets show about the same weights. These are estimates again, based 
on things we have not done as yet, and there is a certain amount of 
guesswork that goes into it. But in general we will use, say, first 
the chemical and then the nuclear or ion or plasma propulsion systems. 
We will probably use them both. 

Gentlemen, what I have tried to do is to give you a brief summary 
of what we are doing in rocketry, why we are using chemicals, why 
we want to use nuclear rockets, and why we want to use the electric 
rockets. 

I have also tried to show you that this research and development 
is an orderly business in which we can put the overall plan together 
into a single picture. As we get into the unknowns, we are continually 
looking for new ideas. We hope to get them in the field of ad- 
vanced rocketry either chemical or nuclear, thermal or electric. 

Mr. Chairman that completes my statement. 

The Cuarman. Thank you very much for a very fine statement. 

Now, we have next on our list of witnesses Mr. Elliot Mitchell, 
of the Solid Rocket Development, Office of Space Flight Develop- 
ment of the National Aeronautics and Space Administration. 
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Mr. Rornrocx. Mr. Chairman, Mr. Mitchell and Mr. Tischler are 
here to take part in the questioning period rather than in a specific 
presentation. This concludesthe NASA presentation. 

The Cuarrman. That brings us to Mr. Johnson, whose presentation 
is to be in the executive session. 

Is Mr. Godel here? 

Mr. Jonnson. They should both be in the executive session. 

The Cuarrman. All right; then will you ask Mr. Mitchell and Mr. 
Tischler to come forward, sir ? 

Mr. Rorurock. They are right here, sir. 

The Cuarrman. Are there any questions, gentlemen ¢ 

This has been a very learned discussion of propellants, and T have 
to admit it is technical, but it was very ably presented. 

Mr. Sisk. Mr. Chairman. 

The Cuarmman. Mr. Sisk. 

Mr. Stsx. My only question is the basic question I am concerned 
with, which is: What is needed or what can be done from the stand- 
point we are thinking of now of the Congress and what our respon- 
sibilities, and so forth, in expediting or assisting you in what I under- 
stand to be your responsibility in this overall field ? 

Let me say this: 

Are you satisfied with the progress that is being made, considering 
the whole basis? As I understand it, the people in many fields, in 
both private and governmental agencies, and so on, are working on 
these various problems. 

Mr. Rornrock. I don’t think any technical man is, or should be, 
satisfied with the progress that is being made. We would like to 
see these problems solved quicker. Many of them we know can be 
solved. Some of them we don’t know how to solve as yet but we 
want to work diligently on them. We will be up here later presenting 
our overall budget to you. I think the better the members of this 
committee understand the overall picture—and this admittedly is 
quite difficult—the better position you gentlemen will be in to evaluate 
the presentations which are made to you. 

Mr. Sisk. Well, as a specific question, do I understand from your 
explanation of these various propellants and their use as against the 
nuclear field, that so far as our immediate goals—and I am thinking 
now of moon trips, of actually, for example, soft landings, and return, 
on the moon, that you would expect that that will be done without 
nuclear equipment ? 

Mr. Rornrock. I think that will be done chemically, because we 
can do it chemically. The nuclear part will come into it later. 

If our research goes along faster than we expect it to, then we will 
use a nuclear rocket in the upper stages for some of our missions 
planned for the next few years. I think we will use nuclear rockets 
In upper stages before we use them in lower stages, from the stand- 
point of the radiation hazards and the sizes involved. 

Mr. Sisk. Then following on from that point, it is my understand- 
ing from your explanation that to go beyond that, though, nuclear 
energy is going to be an absolute necessity, that is, some type of 
nuclear equipment, nuclear propulsion will be necessary when you start 
talking about Mars or Venus? 
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Mr. Rorurock. With some of the weights we showed there, to do 
it chemically becomes, of course, quite difficult, and we are getting to 
the point where the weights become very important. Up to quite a 
few million pounds, we can probably stand these weights at launch 
from the earth, but when we start talking about several million 

unds in orbit, this is a much different situation, and we would 
sooner, certainly, do that nuclearly and decrease these weights. 

Again, the main research here is in the materials field, to get the 
materials to withstand the temperature that we want and the radia- 
tions that we have to subject them to. 

I don’t want to seem unduly discouraging in the matter of materials, 
but I think it is well that you people know what the situation is. We 
are doing research on materials. We expect progress; and small gains, 
particularly when they are accumulative, become very important. 

Mr. Sisk. You mentioned the use of some of these materials, metals, 
and so on. One thing, of course, that caused me to perk up my ears 
alittle bit, due to the fact that I am interested in encouraging domestic 
production of some of these minerals—what is the situation with ref- 
erence to columbium and tantalum? Do you anticipate that if research 
develops the feasibility of the use of those minerals, that there might 
be a shortage, did I understand that? 

Mr. Rornrock. I don’t think there will be a shortage for the kind of 
use we are talking about here. 

Mr. Sisk. Well, you mentioned we had a shortage in the earth’s crust 
of certain minerals. 

Mr. Rorurock. Well, I don’t think there will be a shortage because 
we are not talking about them in great quantity. A few years back 
there were shortages in terms of jet engines. Now, talking about a 
lesser need for supply, we don’t think there will be shortages. 

Mr, Sisk. Well, we classified them as strategic minerals. I am from 
the West where we have the mining industry, and I was interested in 
that. 

Lastly, Mr. Chairman, I have this question : 

Would you comment on any time schedule at all? I am not asking 
you for specifics, but moving ahead in an orderly procedure of develop- 
ing the newer types that will be necessary in this field, to go longer 
and greater distances and put up more weight, do you want to com- 
ment at all on that ? 

Mr. Rornrock. It is always difficult to estimate how long it is going 
to take us to do something we have never done before. This, of course, 
is our great difficulty. Going to the hydrogen-oxygen in the chemical 
field, this is going to come along reasonably ual We are talking 
about a few years. 

Now, in the nuclear, it is in, as I said before, what I consider the 
research stage. If I have to be pinned down to times, which I very 
much do not like to, I would say in the 5- to 10-year period for nuclear. 

Mr. Sisk. That is what I was driving at, Mr. Rothrock. You men- 
tioned a moment ago it should be a matter of a few years. Do you 
mean—— 

Mr. Rornrock. Two years for the hydrogen-oxygen rocket; some- 
thing like that, less than 5 years. 

Mr. Sisk. That was the point. I am not attempting to pin you 
down. I realize that what you are working on might sometimes be 
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called guesses or calculated risks as to some of these things, and there- 
fore I am not asking you for specific dates. J realize the impossibility 
of arriving at them. But are we talking in generalities about, let us 
say, 2 to 5 years or 15 to 20 years? ; 

Vir. Rornrock. I would say 2 to 5 years on the chemical, 5 to 10 on 
the nuclear. 

Now, the calculated risk occurs at the time ~ make up your mind 
to go into usable hardware. When we decide we are now ready to 
build one of these things for use, then is when we take our risk, 
because we always make that decision before we are sure of it, and 
we should make that decision before we are sure of it if we want 
progress to be made at the required rate. We always design things 
and try to build them a bit better than we know how. Consequently, 
when we are finished, we do what we call taking the bugs out. 

Mr. Sisk. Well, you touched on something there. I think those 
of us here on this committee and in the Congress have been very 
much concerned with just how you arrived at that time to, let us 
say, stop experimenting and start constructing something usable. I 
realize we must depend on you people to make that decision, but the 
progress or the rate of progress, seemingly to me, is rather strongly 
dependent upon that decision, because we from time to time have 
military people I know that come down with reference to the applica- 
tion of these things to military programs and they get a little bit 
perturbed and say, “Well, when are we going to stop experimenting 
and start building something ?” 

Sure, we know that we are always seeking something better, but 
somewhere the basic research has to stop and something be put into 
hardware, and that becomes important in the overall progress. 

Mr. Rornrock. That is correct. 

Of course, in any case, we don’t want the research to stop. It 
continues because we want this product to be still better. 

Mr. Sisk. Certainly I didn’t want to leave the impression that we 
wanted it to stop. We never want it to stop. 

Mr. Rornrock. Again, this has to be done by the judgment of men 
who are working in the field. If these men are conservative people, 
the judgment will be conservative. If these men are—I don’t know 
what word I want to use—progressive, the judgment will be pro- 

"essive, 

Mr. Sisk. In other words, progress in this field requires boldness 
and courage to take a calculated risk. 

Mr. Rorurock. There is no question about that. Just trying to 
do this requires boldness. We are asking our people to spend a lot 
of money on these things, and we can’t tell them specifically what 
they will do for them. The whole thing requires much boldness and 
a large effort. 

Mr. Sisk. Thank you, Mr. Chairman. 

Mr. Anruso. Mr. Chairman. 

The Cuarrman. Mr. Anfuso. 

Mr. Anrvuso. I would like to have this question answered either 
now or in excutive session : 

How do our experimenis in this field of the chemical and nuclear 
rockets compare with those of the Russians? 

Mr. Rorurock. I can give you a general answer in open session 
because again the Russian literature is much more classified than ours. 
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I expect they are working on the same general kind of things that 
weare. All of the information we have indicates that, and we would 
fully expect that. 

You get a group of people who are intelligent and knowledgeable 
in the field and on the whole these are the roads which they will go 
up in attempting to attain their goal. 

Now, just where they stand in it, I certainly don’t know. 

Mr. Anruso. Mr. Rothrock, as far as nuclear experiments, we 
started ahead of the Russians, didn’t we ? 

Mr. Rorurock. I can’t answer that. I don’t know. 

Any nation that has the facilities in materials, equipment, man- 
power, would certainly work on these projects. It is the kind of 
thing you do from your analysis of the problem. 

Mr. Anruso. Well, we know that the Russians worked on rockets 
ever since the Sino-Japanese war. But as far as nuclear experiments, 
I think we are first in that, aren’t we ? 

Mr. Rorurock. In the general use of nuclear energy, yes, in ex- 

losives. But in the use of power source, I wouldn’t want to say. It 
is so obvious, as soon as the bomb had gone off, then it was 
obvious to anybody who didn’t know before, that work should start 
on nuclear energy as a source of power. 

Mr. Anruso. When I came in you were talking about certain es- 
sential alloys, and you mentioned tungsten as being a very essential 
alloy. 

Where does tungsten come from, Africa ? 

Mr. Rornrock. It does come from there and from the Far East. 

(Mr. Rothrock later submitted the following information :) 

Tungsten deposits are generally small in regard to quantity, but are fairly 
widespread globally. United States capacity is sufficient for our current and 
foreseen future requirements, but is currently not competitive pricewise with 
imports. 

Mr. Furron. India. 

Mr. Anruso. India? 

Mr. Fuuron. Yes; and Russia. 

Mr. Anruso. And in any event, that is one of the essential alloys 
we should acquire ? 

Mr. Rornrock. Yes; as we go to the higher temperatures, we want 
tungsten. I have not checked into the availability of the materials 
in the last 3 or 4 years, since we did it in relation to the turbojets, so 
Tam not really up to date on the current status. 

Mr. Anrvuso. Well, we do have a program in Congress. As a 
matter of fact, we passed a bill which was in connection with Public 
Law 480, to gather essential alloys from all over the world and 
barter them, as a matter of fact, with agricultural surpluses. You 
know of that, don’t you ? 

Mr. Rorurock. Yes. 

Mr. Anruso. Do you think that is a good program? 

Mr. Rornrock. Yes. All of these programs on looking into the 
availability of these materials, and what we might use them for, 
where we might get them from, are good programs. 

Mr. Anruso. One final question—— 

Mr. Futron. Before you leave tungsten, would you yield? 

Mr. Anruso. Yes. 


284 SPACE PROPULSION 


Mr. Futron. I might suggest that tungsten is now on sale from 
Russia, and we might buy it from them and use that as a source, be- 
cause they are very willing to sell it for dollars. 

Mr. Sisk. Would the gentlemen yield to me on tungsten, because 
I am very much interested in tungsten. 

I have a lot of tungsten in my own district, and there isn’t any sale 
for it. We have a vast stock of domestic tungsten, and because of 
these imports we can’t sell it, and we have no program, I might say, 
on tungsten. 

Mr. Fuuron. That is my point. There is more of it than we need. 

Mr. Anruso. I will yield to Mr. Miller. 

Mr. Miter. When you exhaust that in his district, I am sure the 
State of Nevada can supply a little bit of it too. 

Mr. Anruso. I am glad you gentlemen make this contribution. 

Do you think, then, we have enough available tungsten in our 
country ? 

Mr. Rorurock. I can’t say, because I have not checked into the 
availability problems for the past several years. 

Mr. Anruso. Well, one final question : 

Obviously, these experiments of going to Mars and Venus are going 
to be very costly to the taxpayers. They are going to cost billions 
upon billions of dollars. 

Mr. Rornrock. Yes. 

Mr. Anruso. Of what advantage is it? How can we explain it to 
the world or to the American taxpayers at least, that we should go 
to Mars and Venus? 

Mr. Rorurock. The only way that I can answer it, and of course 
the answers to these questions have almost become cliches by now, is 
that the whole history of civilization has shown that we must pro- 
gress or we will stagnate. This again has to be a thing a person be- 
lieves. I believe this is true. . 

Now, as technical progress proceeds, it becomes more vast and more 
expensive. Again, I don’t think there is any choice. We are now at 
the point where great technical progress can only be made as a na- 
tional effort of a large and powerful country. 

Now, again, to progress, I think we must do these sorts of things. 
I can’t tell you what we will use the results for. 

Mr. Anruso. I agree with you, but now, as an expert and as a 
scientist, Mr. Rothrock, can you foresee some tangible benefits to the 
taxpayers? 

I know that in other fields we have saved money. Do you see any 
tangible benefits? 

Mr. Rocxrock. In the immediate future, yes, in the field of com- 
munications, in the field of weather forecasting, probably later 
weather control. To some extent in the fields of navigation, yes. 

P “ can see great benefits there, benefits that will pay in the matter of 
ollars. 

me ‘waiaiena How about in the field of supplying power to the 
wor 

Mr. Rorurock. As a corollary to the research, we do in the field of 
rocketry, yes, and as a matter of fact, in the field of nuclear energy, we 
should look at the overall field of nuclear energy, considering this as 
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the most severe demand we are making. If we solve these problems, 
we will then have better nuclear powerplants for domestic use. 

There are always many corollary advantages that come from these 
things. 

Mr. Anruso. Now, just one final question. 

Russia, I know—and we heard a great deal of this in attending the 
meeting of the American Rocket Society in New York—Russia has a 
way of rewarding its scientists. They provide them with an excellent 
living, and they make some very tangible financial rewards to their 
scientists besides awarding them all kinds of honors. We may give 
them a ticker-tape parade or something like that and that is the end 
of it. 

Do you think that it should be the policy of the Congress to provide 
some system of rewarding our scientists who make some unique 
discoveries ? 

Mr. Rornrock. I learned early in my some 30 years in Government 
that the satisfactory salary is that of the grade above the grade you 
are in at the present time. I think the most satisfactory system of 
awards is one in which a man’s overall value to the organization is 
recognized in his salary and that he continually have the opportunity 
to advance in pay as his services become more valuable. 

Again, we don’t know who is going to catch the forward pass. We 
don’t know who is going to make what we call the actual “find.” It 
is based on a highly cooperative or highly coordinated effort. I think 
what is also required is a genuine increase of appreciation by the 
Nation as a whole of the things scientists and engineers are doing. 

Mr. Anrvuso. Well now, you spoke very nobly, and I appreciate 
that. But what I said a moment ago came from scientists. They 
believe that they ought to get something more tangible than a ticker- 
tape parade or something like that. 

Mr. Rorurocx. Well, yes; specific awards are beneficial, I think, 
particularly with the younger men who are starting in their career. 
[ think we all want recognition, of course, and to have the recognition 
of one’s peers and the older people in the field is a very satisfying 
thing. There are, of course, quite a few awards given by the various 
technical socities. However, there always is difficulty m giving the 
awards in making the judgment as to who should and who should not 
get them. 

Mr. Anrvuso. I also think that a system of supplying security to 
these younger men, as you spoke of, giving them a future life in a 
secure position, I think that that is sort of an incentive, isn’t it? 

Mr. Rornrockx. Yes. And that depends a great deal on the national 
policy. Are we going to continue at a given level, or increasing level, 
rather than having dips and peaks in what we do? That, of course, 
is quite bad. It hurt us in the early 1950’s. 

The Crarman. I don’t want to interrupt here, but we do have 
some other witnesses. 

Mr. Anruso. That is all, Mr. Chairman. 

The Cuamman. Mr. Fulton, you have some questions? 

Mr. Fuuron. May I be told when 8 minutes have expired, Mr. 
Ducander ? 

The Cuatrman. Let him know, Mr. Ducander, when 3 minutes 
are up. 
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Mr. Fuuron. I wish you would; yes. 

Mr. Rothrock, we are glad to have you here. 1 don’t know whether 
you remember, but I knew you as Jim Fulton when you were Roth- 
rock at Penn State. I was a friend of J. W. (Bill) Hines at Dayton, 
Ohio, in Air Force research. 

I am glad to hear you say that the Russians are working on the 
same general kinds of things we are in the missiles and space pro- 
grams, because it shows (on the general level of research and develop- 
ment in scientific programs) that we have a broad base program in 
the fields that we believe reasonably should be covered. I would 
guess they have the same kind of program going too, and we would 
be ahead in many departments while they will be ahead in many others, 
isn’t that correct ? 

Mr. Rornrock. Yes; that is correct. 

Mr. Fuuron. And in the nature of things, if we will keep a current 
and steady effort on our scientific research and development, instead 
of these peaks and valleys, with the wide base of our program, we 
should measure up pretty well in the world progress: is that not right? 

Mr. Rornrock. Yes. 

Mr. Fuuton. Now, let us speak a little bit of the cesium. 

How much research is being done on that? I think that is one of 
the very heavy elements, isn’t it, about 37 times the molecular weight 
of hydrogen? 

Mr. Rorimock. Yes; it is fairly heavy in atomic weight. 

Do you mean the ion propulsion, as such ? 

Mr. Fuuron. Yes. 

Mr. Rorurock. There is much research on the ion or plasma jet 
in both the NASA laboratories and elsewhere. 

Mr. Furron. My comment is: Is research on the nuclear and the 
ion-jet propulsion systems adequate in your estimate? 

T have made the point. previously—maybe we should bring some- 
body in that will correlate a!] of that higher type propellant program 
and maybe get Admiral Rickover to give it a push and cut the redtape 
and help people like you and Roy Johnson. 

Mr. Rorsrock. Presumably, the Space Council is to present an 
overall program in the field, and the staff of the NASA will assist 
in bringing these programs together into a single document so that 
one can better evaluate what is going on. 

Now, again, I don’t think any scientist is satisfied with the progress 
that is being made or satisfied with the expenditures that are being 
made. T am not directly connected with the budget. I cannot. tell 
you as of now what the expenditures are. I do know that in the 
field of the ion and plasma jet, the equipment becomes quite expensive, 
because we have to operate in a very low vacuum and with highly 
specialized equipment. This is one of the occupational facts of the 
spacework. We are trying to work where there is no air, and to 
do that on the ground isn’t very easy. 

Mr. Fvuuton. I want to thank you and say to you that our Penn- 
sylvania public school system is very proud of you, and I as a Penn- 
sylvania taxpayer am likewise proud. 

Mr. Rornrock. Thank you. 

The Cuamman. Any further questions? 

Tf not, we thank you gentlemen very much for your fine statements. 
Now we have two more witnesses. We have Director Roy Johnson 
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of the Department of Defense, Advanced Research Projects Agency, 
and Mr. William Godel, of the Advanced Research Projects Agency, 
Director of Policy and Planning, and I think both of them want 
to testify in executive session. AY < 

Is there anything that we could give in open session to the press 
before we go into executive session 4 

Would you care to give us anything in open session about the radio 
umbrella in the South Pacific ? 

Mr. Jounson. We don’t have any statement for open session with 
us, Mr. Chairman, this morning. 

The Cuarrman. There is no statement you could make to the press. 

Then we have no alternative. The committee will go into executive 
session to hear these two witnesses. 

(Whereupon, at 11:30 a.m., the committee proceeded in executive 
session. ) 

EXECUTIVE SESSION 


The committee continued in executive session at 11:35 a.m., in 
room B-214, New House Office Building, Hon. Overton Brooks, chair- 
man, presiding. 

The Cuarrman. The committee will please come to order. 

Will you check and advise me whether everybody remaining here 
is cleared ¢ 

If not, have them leave. 

Mr. Fuuron. May we say to Roy Johnson before he staris, if we 
were in Russia, he would be labeled hero, first or second class, in his 
presentation here. 

The CuatrmMan. There was quite a delay before we could get to 
him before, and now there is another delay. It was not through any 
lack of appreciation of the value of his testimony. 

He tells me he will be glad to come to this committee later in 
executive session and tell us about what happened there in the Argus 
shots when they sent up those high-altitude rockets with nuclear war- 
heads. We will be happy to have you later on on that. 

Today you want to talk to us about propulsion. 


STATEMENT OF ROY W. JOHNSON, DIRECTOR, ADVANCED RESEARCH 
PROJECTS AGENCY, DEPARTMENT OF DEFENSE 


Mr. Jounson. Mr. Chairman, it is a pleasure to meet with you 
and your committee again and to discuss with you certain aspects 
of our national space vehicle propulsion program. 

As has already been outlined for you by the representatives of 
NASA, the United States has embarked upon the development of 
a family of space vehicles under an integrated national program 
designed to insure the availability of adequate propulsion in the 
earliest possible time period for both civilian and military require- 
ments. 

This national propulsion program was presented to the President, 
to the Space Council, at the last meeting, and has been endorsed 
and approved by the President, and changes in that program of any 
magnitude go back to the Council and to the President for his ap- 
proval, if changed. 
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Let me reiterate that our booster program is a national program, 
It has been carefully coordinated between the several agencies re- 
porting to ARPA and NASA. It will take maximum advantage 
of and push ahead the “state of the art,” insuring that we so mobilize 
our industrial resources as to obtain the kind of vehicles required for 
our program without unnecessary duplication and with maximum 
economy. ARPA’s present role in this booster program, outside 
of the missiles designed for ballis‘ic missile purposes, is primaril 
concerned with the development of the Saturn, which is the 1,500,000- 
pound cluster you are familiar with, and the Centaur, the high 
energy, upper stage. 

I am satisfied that the program, if pursued as presently outlined, 
will provide us with the kind of space “trucks” we need to do the 
jobs we have in mind for these vehicles, in the military at least. We 
are now facing a decision as to the upper stages for the clustered 
booster. We definitely intend to use the Centaur as the third stage, 
and then we will have other modified fourth stages. As far as we are 
concerned, the planning of this big booster, which can put 50,000 
pounds into a 300-mile orbit, is well along. 

In addition to the actual development programs as outlined for you 
by NASA—those programs to obtain space trucks we know we can 
build—we are also actively. engaged within the Defense Department 
in looking ahead of these programs, seeking to exploit the kind of 
breakthrough research which may lead us to wholly new means of 
propulsion. In the final analysis, the rocket is not a new invention. 
The principles of rocket propulsion were well known 5,000 years ago. 
It is equally true that a rocket—while it may be today the only known 
means of achieving massive propulsion in space—is inherently an in- 
efficient source of energy. 

Although it is always impossible to invent new things on a time 
schedule, we believe that a considerable measure of our effort must 
necessarily be devoted to finding new methods for fulfilling antici- 
pated propulsion requirements. For this reason the Department of 
Defense has two programs supplementary to the national space vehicle 
program, one for work in the field of advanced propulsion, the other 
for quantum improvement of solid propellant fuels. 

As to the program for advanced propulsion, we have let a million 
dollar feasibility study contract to examine a new method for achiev- 
ing massive propulsion in the field of controlled nuclear detonations. 
We have also undertaken work with advanced space propulsion de- 
vices. 

* * * * 

For our purposes, desired performance can vary over a wide range, 
starting where high-energy chemical fuels leave off and going to a 
value of five or so times as great. There is expected to be a series of 
performance tradeoffs; for example, obtaining both high performance 
and high thrust from the same system is unlikely. Consequently, 
study and research on a broad front is essential to provide the variety 
of propulsion types which will be needed. This is particularly true of 
the lower specific impulse, higher acceleration category, which appears 
important for many military applications. Of course, efficiency of the 
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thrust device is always vital to keep down the weight of the heavy 
propulsion power supply. 
* * * * * 

In completing this review of the ARPA advanced propulsion pro- 

am, I should like to note that it has been planned to dovetail with 
other existing programs, with emphasis on foreseen military needs 
for greater and faster maneuverability. 

As I have testified previously, we in the Department of Defense 
are not interested in military maneuvers to the Moon or Venus or Mars, 
but we are interested in maneuvering in the upper atmosphere with 
military spacecraft. 

I should next like to discuss the substantial program which we call 
solid propellant chemistry. 

This latter program may be of most interest to you this morning. 
Solid propellants enjoy an important position in our defense posture. 
Research has been actively in progress in this country since early in 
World War II. Improvements in solid propellants formulations and 
in the technique of their utilization in solid engines have made possible 
the large solid engine rockets now under development, such as Ser- 
geant, Nike-Zeus, Pershing, Polaris, and Minuteman. 

The useful energy, of solid propellants is mg mee by the term 
“specific impulse.” By specific impulse we mean the pounds of thrust 
developed, multiplied by the duration of the thrust and divided by 
the weight of propellant consumed. Values of this parameter for 
propellants now projected for use in * * * are in the range from 240 
to 250 seconds. It is the objective of the ARPA solid propellant pro- 
gram to increase this value by at least 10 percent. 

* * * * 

In setting up our program we have contracted with a large number 
of industrial, foundational, and academic institutions. In the selec- 
tion of contractors, emphasis has been placed upon the quality of the 
scientific talent available to us. We believe that we have an out- 
standing group of contractors. 

* These programs have been developed in cooperation with the tech- 
nical personnel in the Army, Navy, and Air Force, through an open 
competition. In most cases the contracts are set up and administered 
by the three services. We believe that this arrangement is advan- 
tageous in that it allows very close coordination between the advanced 
program in solid propellants of ARPA and the propellant programs 
of a general and supporting character which are the responsibility 
of the services. 

Please note that a very large amount of propellant development is 
carried on as a part of the missile systems developments which utilize 
solid propellants. It is the intent of the Advanced Research Projects 
Agency to carry our projects in the solid propellant field only to the 
point where they can and will be utilized by those responsible for 
weapons systems development. 

A summary of our current program follows: 

Contracts with industry, $10 million. 

Contracts with universities and research foundations, $2 million. 

Contracts with Government laboratories, $3 million. 

Total, $15 million for fiscal year 1959. 
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In closing, we have been asked to comment briefly on certain 
testimony provided you by the various contractors and technical per- 
sonnel who have appeared before you during the past several days, 

The substance of the question as we understand it lies in the con- 
viction of the several contractors that they could usefully expand their 
programs, and, with such expanded programs, produce large rockets 
more quickly. It is always difficult to respond precisely to this kind 
of statement. 

You will remember that we refer to large rockets as trucks. They 
are in many respects no more than carriers for experiments or pro- 
grams and, therefore, have value only in terms of their ability to 
launch equipment or personnel into outer space on demand. It is, 
of course, + ttt true that if we possess more trucks, we can place 
more experiments in space sooner. The problem is one of weighin 
this capability against need and against the validity of the number 
of experiments or operations to be conducted in space, 

In some respects, one is obliged to answer that, given funds, a 
family can buy three or four automobiles. The question is whether 
one or two automobiles satisfy the family’s requirements, When re- 
sources availability is taken into account—and I think we must al- 
ways keep the overall resources of the United States in mind—there 
is also the question of balancing the ability to produce equipment to- 
day against the possibility of producing significantly better equip- 
ment tomorrow, without prejudice to the sthiavenmied of today’s re- 
quirements. 

I believe that the programs as outlined to you today provide an 
optimum balance in producing state-of-the-art equipment for today’s 
programs and producing new equipment against tomorrow’s re- 
quirements. 

I believe it important that we always keep this necessary balance 
is mind. We are now prepared to answer any questions you may 
nave. 

The Cuatrman. Thank you very much, Mr. Johnson. 

We appreciate your statement. 

I would like to ask you two or three questions. 

For instance, you refer to the fact that you are interested only in 
military projects, and that is natural. 

ARPA was created for that purpose, and it is natural that you 
should wish to confine your projects to those that have an obvious 
military significance, but as move along in this program, I have 
changed my own mind, and I suppose you do, too, as to what really 
has a military significance. 

Originally, I was of the conviction that ballistic missiles had a 
military significance, but when you got projects of satellites, they did 
not. Now I am convinced that they do have a military significance. 

Is that your view ? 

Mr. Jounson. I think increasingly, Mr. Chairman, we have to take 
very seriously the potential ability of a possible enemy to use the 
space environment against us in a military way, and we must be 
perpered I think, to take advantage of that same capability, and more 
and more I see space environment is going to be used in the military 
fashion. 
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The CuarrmMan. And as you proceed, do you raise your sights and 
look even higher than ballistic missiles and satellites? 

Mr. Jounson. Yes, sir. 

The CuarrmMan. You feel that an excursion to the moon, however, 
would not have a military significance at this time? ‘ 

Mr. Jounson. No, sir. * * 

The Cuarrman. And the deeper probes would have less military 
significance, even than the moon probe? 

fr. Jounson. Yes; I would like to clear up something I said the 
last time I appeared here. yon 

From the military viewpoint, we are definitely interested in 24-hour 
satellites, which means 22,000 miles. These trucks that we are talk- 
ing about, such as Saturn. * * * The purpose of this is to get up into 
that orbit, 5,000 pounds, let us say, that would house a complete 
communications system, with batteries with very long life. 

We think this is a straightforward thing and can be accomplished 
in some years on a program basis. Beyond that, we do see.the need 
to use this environment up to at least 600 miles for maneuvering 
in space, and we therefore do need the exotic kind of a 
that you would use in outer space to maneuver these vehicles at will. 

Therefore, our sights have been set much higher in regard to the 
kinds of propulsion that were discussed so well this morning. * * * 

The CHatmman. So that if there is developed exotic means of 
propulsion, you would certainly use them if they were acceptable 
to your needs there? 

Mr. Jounson. Yes, sir. 

The Cuarrman. Regardless of whether they were used in a Moon 
probe or a Venus probe or whatever it was, so that after all, there 
is a possibility that these developments will all have military signifi- 
cance. You answered that affirmatively, did you not? 

Mr. Jonunson. Yes, sir. 

The CrHamman. Now, you refer to $15 million in contracts. 

Now, those are contracts for the purpose of developing your 
propellants ? 

Mr. Jounson. Solid propellants. 

The CuarrmMan. Do you have a list of those contracts? 

I have asked staff for the committee, where it is possible, to show 
the extent and the diversification of the interest of this program 
to the country, to get a list and have that available. 

Mr. Jounson. We would be very happy to give you a complete list 
of the solid propellant contractors, and there are many, including 
universities, including some very smal] research operations. 

The CHarrman. Is it classified, the list ? 

Mr. Jounson. The names, I don’t believe we would classify the 
names of the contractors; no, sir. 
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(The list referred to is as follows:) 
List of solid propellant contractors, Mar. 26, 1959 
I. INTEGRATED PROGRAMS 
Cost, i 
Awarded: thoustals 
Minnesota Mining & Manufacturing__._______._.__-._.......____ $1, 467 
Hsso Research & 1, 214 
II, SPECIALIZED PROGRAMS 
Awarded : 
Being processed for contract: 
III. BASIC PROGRAMS 
Awarded : 
Being processed for contract: 
Jnatiinte of Brooklyn... ‘ 40 
Stanford Research 33 
84 
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List of solid propellant contractors, Mar. 26, 1959—Continued 


IV. IN-HOUSE PROGRAMS Cost, in 
thousands 
Materials Lab, WADC_ 
Army 
Navy 250 
Air Force 250 
Rohm & Haas 500 
National Bureau of Standards 500 
Allegany Ballistic Laboratory 405 
Bureau of Mines (Pittsburgh) 65 
Bureau of Mines (Bartlesville) 150 
NOTS, NOL 200 
2,688 


The Cuarrman. Now, why is it necessary to classify the amount 
of money that you are putting into the solid propellant field ? 

Mr. Jounson. That is not classified, sir. 

The CuatrMan. So you would release that ? 

Mr. JonHnson. Yes. 

The CuatrMan. The $15 million? 

Mr. Jounson. That is not classified. 

The Cuamrman. What. about what you are spending on liquid pro- 
pellants; do you have that figure? 

Mr. Jounson. We do not have any work in liquid propellants. 
This is being done by the services, themselves. We are dealing only 
with solid propellants, because of the need to have a breakthrough 
here of a high order. ’ 

The Cuatrman. And it is very urgent with your solid propellant 
that you do have a breakthrough, whereas you don’t need the break- 
through with the liquid propellant? 

Mr. Jounson. We have carried that as far as it can go in the 
regular routine. 


r. Mrtter. Would the poutomnn yield for a clarifying question ? 

The CuarrmMan. Mr. Miller. 

Mr. Mintzer. Is ARPA entering into these contracts on the solid 
propellants, or are the several services individually ¢ 

r. Jounson. The several services. We have used the service field 

agencies to execute the contracts for us in every case. 

Mr. Mitier. But then ARPA isn’t doing it? 

Mr. Jounson. ARPA is not. We have the authority to do it. 

Mr. Miter. You have the authority. But you are guiding the 
overall so there is no duplication ? 

Mr. Jounson. That is our principal function; yes, 

The Crarrman. Another question: How about Argus; is that a 
military program ? 

Mr. Jonson, * * *, 

The Cuarrman. * * *, 

Mr, Jounson. * * *, 

The CHarrMan. * * *, 

Mr. Futon. We are glad to have you here, and we think you are 
doing a fine job in the program, both of you. 

Secondly, I think that it is wise to have people in various fields push 
the research and development, especially in the fields of their own 


saan interests, because it gets more than just a basic research posi- 
10n on it. 
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There is some reason for doing it, so that rather than feel that the 
space program is in too many areas in the Government, I like the 
feeling that it is being developed on various lines, military and 
civilian, in various agencies. 

I do think that the time has come when the Space Council and the 
President should make the decisions overall and correlate them for the 
whole space program for the country, and I am very pleased to hear 
that there is such a decision already made by the Space Council and 
at the Presidential level on the national space program, 

Is that public, is that decision of the last meeting of the Space Coun- 
cil, the national space program, for boosters, approved by the Presi- 
dent, which has been reviewed and ready for implementation ? 

Mr. JoHNsSON,. * * * 

Mr. Fuuron. I am writing a magazine article for Missiles and 
Rockets, and I certainly would like to have that by sometime this after- 
noon, because I am under attack by Senator Symington on justifying 
some of these plans, and we are each writing a lead article, he on the 
right and mine on the left, down one of the pages, so I would like to 
be able to just have the fact that it is implemented and has been ap- 
proved, not what it is. 

Mr. Jonson. I think that one of the members of NASA might 
very well discuss this with the secretary of the Council, who is sta- 
tioned in their offices, and this might be done, although I couldn’t say. 

Mr. Rorurock. We are making a note of it, and will look into it and 
check into that. 

Mr. Fuuron. Thank you, Mr. Rothrock. 

May I finish with this? 

On the complaints as to the program, my complaints are, generally, 
coming from the western Pennsylvania industrial area. That in- 
cludes probably eastern Ohio and northern West Virginia, and of 
course Rimativenis, that the people who are engaged in allied lines 
that have not yet been in the space program are not being given the 
opportunity to bid on some of these things like the contract that was 
just executed, I guess yesterday or the day before or Friday, on the 
carriage of rockets. 

Before this committee several times I have not only said that there 
were other people interested but suggested that there be certain com- 
panies, which I deleted from the record because I don’t want those 
particular ones identified, which should be approached for business. 

But I am very much interested in the toed: based approach to this 
space program, and I want everybody to have an opportunity to bid, 
not just the people in my area, and it seems too much that the deci- 
sions are made and there is so much subcontracting done through 
people they have previously dealt with, so that it is very hard for 
outside companies to cut into the chain of subcontracting and 
production. 

Now, if you people in your ARPA will give a thought to that and 
see what can be done to bring into this program some of these people 
who feel that they are thoroughly competent but somehow just can’t 

t the way to bid on things that they feel are allied to a field that 
the are already working in. 

ow, it might be, for example, general transportation problems, 
things of that type, of rockets, would well come under maybe the 
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freight ear industry or other structures for missiles; people who make 
steel oil derricks obviously would be qualified and want the business, 

Mr. Jounson. To answer your question, we are diligently trying to 
uncover new resources in terms of capability. We do need the aioe 
contractors. We do need new blood in this stream, and we have a 
very good program, we think, to do this, to encourage contractors of 
new sources to bid on our work. 

Mr. Fuuron. How do you do that, may I ask, just shortly, and then 
Iam through. 

Mr. Jounson. Well, we circulate the information very widely. 
For example, in the solid propellant chemical industry that I spoke 
of, we solicited every chemical concern that we knew of in the country 
and asked for a canary: from them on what they would do to 

rovide a breakthrough on the kinds of chemicals that would then 
oe put on the shelf to make new propellants, and I think we solicited 
some 70 or 80 companies. : 

Mr. Futron. Would that include oil companies, too? You men- 
tioned chemical companies. 

Mr. Jounson. Oil; yes. 

The CuarrMANn. Gas companies, too; you might put them in. 

Mr. Jounson. Gas? Well, any company that had a capability in 
terms of developing chemicals, regardless of whether they had previ- 
ously been in the propellant business or not, and we did get objec- 

I know some of these people have protested within Congress, but 
this is to the point that you are making, that we have got to get in 
many of these cases through sources of supply. We are doing this very 
definitely in this case. 

Mr. Futron. My point is that I am not interested geographically 
between two States; for example, the controversy that has arisen be- 
tween New York and California on geographical distribution. That 
is not my point. 

My point is, are we getting a broad enough coverage of these com- 
panies in allied fields in order to get in depth the energies of various 
people with new points of view aimed at this scientific research and 
development that we need for a breakthrough ? 

Mr. Jonnson. We aren’t doing well as we could. We could do 
a lot better. 

Mr. Fuxron. You are doing pretty well. So I am on your team 
as to that. But I simply wanted to express that many of these com- 
_— that feel that they are being left out, I think part of it comes 

rom the fact of lack of communication from some of the companies 
that are in the program on more or less the prime-contractor basis. 
They already have their subcontractors, and they have a feeling of 
loyalty to that group of subcontractors, and while I think that is an 
estimable thing for basinens practices, when it comes to research and 


development in as serious a field as this is to our national security, of 
course we have got to give up some of our parochial and family loy- 
alties in the commercial field. 

So my point on that is this: 

We have a broad-based program, so that anybody that can get in it 
will have free and fair access to it. As a matter of fact, one of the 
perfect examples of what I am saying is the Greek, Cristofilos, the 
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University of California kept being turned down on the patents he 
submitted, all of a sudden discovered they were using one of his, and 
they were infringing on his patents, and they had turned him down 
on it. 

The Any further questions? 

Mr. Futron. I am not through. 

The Cuarrman. I didn’t get your question there. 

Mr. Futron. It is no question. It is a comment. 

I am trying to say, bring the whole field of scientific and research 
development in the commercial area, as well as the universities, into 
this subject, and don’t have it exclusive on the basis that there are 
prime and subcontractor systems that are set up that will do the jo 
adequately anyhow, and secondly, that we do not have a loyalty = 
tween prime and subcontractors result in an exclusion of many people 
who would come in as new subcontractors. 

Finally, on the carriage of missiles, first, I would like to question, 
will you please, from the ARPA point of view, explain to me why the 
Jupiter missile has a 20 minute countdown deny for erection to a 
vertical position, using the same principle that our Paducah farmers 
have used for 300 years in erecting barns and not quite as efficient 
as our Pennsylvania barn raising. 

I saw that myself at the +. A Arsenal and complained about 
it, and was told that I should not interfere with the training of these 
crews for the 20-minute countdown. 

I am now directly interfering and objecting strenuously to the 
method, unprotected, and using the old pole in the air ink pulling 
a line over it. : 

I don’t know whether they had mules or people pulling the line, but 
they probably had a donkey engine on it. 

The second point is this: 

On the transportation of these, I want to know who has been 
checked to put research and development on the method of erecting 
the missiles either above the ground, in a vertical position, or possibly 
at some angle or possibly putting them in mounts, and while we are on 
that point, may I just say that I understand the Russians in Tibet have 
already been experimenting with high-level or extremely high-alti- 
tude launching of large missiles, and when I brought that up to a 
couple of scientists here in open session, I was openly laughed at. But 
I knew just a little bit more about it than the particular scientists. 

(The following material represents ODGM comments on questions 
and statements of Congressman Fulton on “Jupiter Erection and 
Transport, High Altitude Launch Aerojet Contract” :) 

The technique of the A-frame and H-frame (lightweight) erection gear used 
to erect the Jupiter missile launcher was originally developed for the Redstone 
missile to replace the large heavy crane used for this purpose. The lightweight 
erection gear proved to be a simple, economical device which could be dismantled 
and transported in a standard Army vehicle. This technique was carried over 
into the Jupiter program and is the erecting device which has been used by the 
Air Force squadrons in their training with the Jupiter missile. The erection of 
the missile has been performed many times very satisfactorily with the actual 
time required dependent upon the training status of the operating crew. An 
adequately trained crew can move the missile from the horizontal to the vertical 
position in less than 5 minutes, and inasmuch as the missile is maintained in a 
“readiness state” in the vertical position, the few minutes used in the erection 
process has no bearing on the time required to make final checks of the missile 
guidance, fuel the missile, orient or lay the missile, and fire it. 
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The location of ballistic-missile-launching sites at high altitudes does provide 
a given missile with some increased range or increased payload. However, 
there are attendant problems of logistics and operations if sites are located at 
extreme altitudes. A number of the ICBM sites are planned for the Rocky 
Mountain area. 

Aerojet General was given a letter award for nine Aerojet Senior Engine 
“Transtainers.’ The “Transtainer” is merely a ‘container’ and “handling 
harness” which permits handling and shipping of the large Aerojet Senior solid 
grain to firing site and also maintains it at a controlled temperature of 70° F. 
to he NASA basic contract for 12 Aerojet “Senior” boosters is NAS-5—53 and is 
for about $1.1 million. The “Transtainers” are being procured by amendment 
to the basic contract for a total of $120,000 approximately. 

Mr. Futron. Now, the other point is this: 

I would like to know what companies have been asked to bid on 
the contract that has just been awarded to Aerojet on the carriage of 
missiles, either Thursday or Friday of last week, and how many bids 
were received, and what the various price range was of the bids. 

Then if the factor of awarding the bid was not on price, what was 
it on? And give the estimates of the various companies who were 
considered, and also the reasons for rejection of the ones that were 
rejected, so that I want the transportation of vehicles covered, as to 
the R. & D. methods that are being used to advance their progress and 
handling, and secondly, on the erection of missiles and establishing 
at cities, what is being done on the technical phase of that, and then, 
thirdly, on underground or underwater installations, what kind of 
R. & D. is being done on that. 

That isall. Thank you. 

The Cuarrman. Thank you very much for your question there. 

Mr. Mitier. Mr. Chairman. 

The CrarrmMan. Mr. Miller. 

Mr. Miuier. Mr. Johnson, I was interested in your statement about 
getting optimum development. I think you made a very fine com- 
parison when you said we wanted to examine the number of cars in 
the family and make sure that two would do what the family wanted 
four or five to do. I think that is very sound. But in making this 
examination, are we going to one car when we actually need two to do 
ri oe, Axe we leaning too far over backward at the present time in 
this field ? 

Mr. Jounson. I don’t think so. I think that one of the problems 
that has plagued us in the military area is having multiplicity of 
models of capabilities and the difficult problem of choosing, then. 

Mr. Miter. I think you missed my point. You named this in con- 
nection with the expenditure of funds. Do you remember? You 
were talking about how we have to keep the Government solvent, 
a I agree that it has to be kept solvent except when it comes to 

efense. 

You made the very nice comparison that the family, if you listened 
to them, would want four or five cars, but apparently when the head 
of the family critically examined it, he said that maybe two cars could 
do the trick. 

Now have we reached the point where perhaps the services do not 
want too much, they want the four or five cars, and you are in there 
to tell them the number of cars they are going to get, they are going 
to get two cars, but do we sometimes lean a little bit too much and say, 
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“Well, now we are not going to get two cars, that will be too expensive, 
we will only buy one car”? 

Mr. Jounson. Well, sir, to answer your question to the best of my 
knowledge, I do not believe there is any evidence of this latter situa- 
tion. My belief is that we do have an adequate program and that we 
cannot at this time or should not at this time contemplate the luxury 
of too many alternative approaches to do the same thing. 

Mr. Miter. I do not know, I am not a scientist, I have not the ex- 
perience in erecting barns as my colleague has over here. I am not 
going to try to tell you how to erect missiles or how to erect barns. 

Mr. Fuuron. We should not look down our noses at anyone by 
comparison, You are smart in some fields that I am ignorant in. 
I just happen to like this field. 

Mr, Miter. Well, I agree I am ignorant in this field, but T have 
always felt that in these things maybe we do need a number of ap- 
roaches to get out of the haze that surrounds us. That has always 
n a pretty good basis for scientific investigation; has it not? 

Mr. Jounson. Oh, j*8 multiple approaches through the R. & D. 
period are vital, but I was directing my comments to the hardware 


Mr. Mixer. Well, sometimes in the hardware stage do we not 
have to do these things? 

Mr, JonHnson. Sometimes we do. Most of the time we do not. 

Mr. Mitier. You remember we put the automobile into the hard- 
ware stage 30 or 40 years ago, but we apparently have not gotten 
it perfected yet because we come out with new models every year. 
I ‘a not know what is on some of them. 

Mr. Jonnson. Oh, yes; I think even our hardware programs of 
the military must have an R. & D. content, a very high content so 
that that model is improved every month. 

Mr. Mitier. Can that be done then with only having the limited— 
going back to the concept now of money—of only one car? Would 
it not be better if we had a hotrod for the kid to run around in? 
He might develop something that would help the family out. 

Mr. JoHnson. Well, to answer your question, if you have not. had 
a presentation of the national booster program, it ought to be pre- 
sented to you because you will see in the national booster program 
a whole series of trucks for specific missions, and I think this would 
answer the question you have raised very effectively. What I meant 
to imply was that I think there is a point where we stop the number 
of models at the hardware stage for the time reasons, that we should 
not take on the luxury of producing every R. & D. model that the 
proponent pappeps to think is the best approach. We will then have 
a family I think can afford it. 

Mr. Mixer. I just do not want us to be too parsimonious, We 
might say can this be necessary, can we justify this economically, 
when even in the hardware stage in a new field we cannot really go 
that far, and as a result we may lose time. That is only a comment, 
Mr. Chairman, I am through. 

Mr. Anruso. Mr. Chairman. 

The Cuatrman. Mr. Anfuso. 

Mr. Anruso. Mr, Johnson, I want to congratulate you for the great 
service which you are performing on behalf of our country and par- 
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ticularly for the secrecy which was attached to those three atomic 
blasts. I am in a mood for making awards and I think you are en- 
titled to an award from this country for your personal human thrust— 
not to speak of the million-and-a-half-pound thrust—you put into 
being. 

Mr. Jounson. Thank you. 

Mr. Anruso. When do ae expect, Mr. Johnson, to get a 5,000- 
pound or a 50,000 payload ? 

Mr. Jonnson. The 50,000-pound payload that I referred to would 
be in a 300-mile orbit. The 5,000-pound payload would be in a sta- 
tionary orbit at 22,000 miles. The objective is to accomplish this in 
1962 or early 1963. 

Mr. Anruso. And for both of those you will need a million-and-a- 
half-pound booster ? 

Mr. Jounson. We will need the same booster to do both missions; 
yes, sir, * * * 

Mr. Awroso, Now this whole apparatus is quite an installation; 
is it not ? 

Mr. Jounson. Yes; it is a 12-story building, the height of a 12-story 
building. On the other hand, it is a straightforward job, it is an 
engineering job; there is not much science involved. 

r, Anruso. Mr. Johnson, what I would like to know from a 
is to get your thinking on how you are going to protect such a 
very expensive and important installation. 

Mr. JoHNnson. * * * 

Mr. Anruso. * * * 

Mr. JoHNsoN. * * * 

Mr. Anruso. * * * 

Mr. JoHnson. * * * 

Mr. Anruso. * * * 

Mr. Jonnson. * * * 

Mr. Anruso. * * * 

Mr. Jounson. * * * 

Mr. * * * 

Mr. Anruso. * * * 

Mr. Fuuton. * * * 

Mr. Anruso. * * * 

Mr. Jounson. * * * 

Mr, Anrvso. * * * 

Mr. Jounson. * * * 

Mr. Anruso. Thank you. 

The Cuarrman. Mr. Johnson, may I ask you a question now? We 
mentioned this to you earlier. In reference to the Discoverer shots, 
there are so many reports we read, we read some in the press and we 
hear some. 

; at a is the present status of that project as far as we have informa- 
tion 

Mr. Jonnson. The Discoverer I is definitely not in orbit now. 
The Discoverer program, however, is proceeding pretty much on 
schedule. There will be the launching of Discoverer IT in the several 
weeks ahead. The pro of follow-on of one per month is still 
definitely on the ieee. 
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Now if you wish to have comment on the first announcement that 
Discoverer I was in orbit and then later that it was not in orbit—— 

The Cuarrman. Yes; would you clear that up? 

Mr. Jounson. I would like to have my associate here, Mr. Godel, 
who follows this for me, comment on it, if that is all right. 

The Cuarrman. You have a very able associate. I happen to know 
some of his work. 

Mr. Godel, if you will tell us. 

Mr. Gopet. Thank you, Mr. Chairman. I do not know how far 
back it would be the committee’s pleasure to go. I will summarize 
very briefly that on the basis of the injection data, on the basis of 
9 minutes of telemetry immediately following the launch of the Dis- 
coverer and on the basis of 41 reports from tracking equipment de- 
signed for this purpose and for general-purpose tracking of vehicles 
extending from the time of launch through the 4th of March, the 
Advanced Research Projects Agency in conjunction with the Bal- 
listic Missile Division of the Air Force concluded that the vehicle 
was inescapably in orbit. Subsequent to the 4th of March we re- 
ceived no further communications from the vehicle at the fre- 
quency, * * * and we also undertook at Mr. Johnson’s request a ve 
careful reevaluation of all of the data received up until that time. 
On the basis of this evaluation completed as recently as last Monday 
or Tuesday, we were forced to two conclusions: One, however we 
compute the injection data and the original tracking data received 
through the 4th of March, the vehicle must—even if we assumed 
reasonable error in our computations—the vehicle could only have gone 
into orbit. 

On the basis of no subsequent reports following the 4th of March, 
it was necessary to conclude that the vehicle was no longer in orbit. 
We are unable to identify what took place between the 4th of March 
and approximately the 15th of March, or today. 

The Cuarrman. When do you conclude it went out of orbit ? 

Mr. Gopet. That is the information we cannot pin down, Mr. 
Chairman. I can read the most recent dispatch on this to give you 
the rough parameters. 

The Cuarrman. you will. 

Mr. Gove. * * * 

We have been forced to the conclusion that it did not last 28 days. 
We do not know at what time or where it might have gone down. 
We are not absolutely certain that it is down although we have 
reached that conclusion. 

The Cuarrman. Tell me, how many times do you feel that it orbited 
the earth before it went down ? 

Mr. Gopet. Well, on the basis of these computations, sir, roughly 
an hour and a half per pass around the earth, that is 95 minutes, it 
would have gone around 75 to 80 or a hundred times as a minimum. 

The Cuarrman. And that was around from north to south? 

Mr. Govet. Generally on an 87° trajectory, yes. 

The Cuarmman. Do you have any evidence it was varying in its 
orbital course ? 

Mr. Gopet. No,sir. There would be an effective precession—— 

Mr. Jonson. It was tumbling. 
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Mr. Govt. Yes, it did tumble very badly indeed which is probably 
the reason why the life was shorter than we computed. 

The CuarrMan. That is probably the reason your transmitter went 
out, is it not ? 

Mr. Gopet. Yes; although regrettably we were not up there to watch 
it doing that so we cannot say positively. 

The Cuarrman. Yes; but the tumbling could have thrown out of 
operation the transmitter. 

Mr. Goprx. That is correct. The transmitter on the vehicle was 
highly directional for purposes of our later programs and one can 
fairly hypothesize at least that much of the time it was beaming out 
into outer space rather than into the ground. 

The Cuarrman. Did we not have an antitumbler in there? 

Mr. Govet. Yes, sir; we have to conclude that at least one of the four 
objectives of this vehicle were not achieved because as I reported to 
you previously, one of our objectives was to stabilize the vehicle in 
orbit. We have concluded that we did not succeed in doing that. 

The CHarrMan. So we have more work to do on the antitumbler. 

Mr. Gove. Yes. 

The CHAIRMAN. Questions? 

Mr. Sisk. I wanted to ask, Is there a specific problem with refer- 
ence - this tumbling in a polar orbit as against the other type of 
orbit 

Mr. Jounson. No, sir. 

' Mr. Govet. The point is that until now and to our knowledge, this 
applies either to the Soviets or the United States, no vehicle has been 
successfully stabilized with respect to itself in orbit. This represents 
a distinct step ahead in space activities, and this is the first vehicle in 
which this has been attempted. 

The Cuarrman. And we failed on that. 

Mr. Gopex. So far, yes. 

The CuarrMan. Are there any further questions? 

Mr. Quictry. I have one question, Mr. Chairman. 

The Cuarrman. Mr. Quigley. 

Mr, Quietry. This is left over from the last movie. Did General 
Medaris and Dr. Von Braun ever get an answer to the request for 
additional money ? 

Mr. Jounson. Yes, they have; and we had a detailed presentation 
made by them last week and we are now studying the detailed presen- 
tation. It was made Tuesday, I believe. 

Mr. Govet. That is right. 

Mr. Jounson. And they have all of the funds they can use at 
present and this is the thing that we wanted to determine. We have 
allocated more money to their program and they have all of the funds 
that they can use at this time. 

Mr. Quictry. Now, did they get all of the money they asked for, 
the stepped-up sums ? 

Mr. Jounson. For this current period, but we have done nothing 
as to fiscal year 1960, of course. We don’t have that money now. 

Mr. Mitter. Well, give them a hotrod car as to that. 

Mr. Quietey. Thank you, Mr. Chairman. 

The Cuarrman. Mr. Sisk. 
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Mr. Sisk. I had just one further question, You were speaking of 
course, as to the military implications involved in the 22,000-mile orbit 
of this vehicle which I believe you said would weight—— 

Mr. Jounson. Up to 5,000 pounds. 

Mr. Sisk. And I understand the purpose of that, of course, is com- 
munications. Concurrently with your work which is being done to 
develop and get this thing into fo as I understand it, if possible, 
by 1963, are you concurrently working on any type of vehicle that 
would carry a mechanic to service this vehicle, to board it or, for 
example, to do the occasional servicing that will be needed and may- 
be this sounds silly, but I don’t mean it that way because we are 
talking about long-range things and I am curious to know if any- 
thing is being done concurrently with this program by the military 
with reference to a smaller type vehicle that might propel a man to 
it for servicing and return him to earth. 

Mr. Jounson. We have two approaches to this. We definitely have 
in the study stage a kind of program that would allow a serviceman 
to go up there and take care of it. 

Now, actually we are a long way from planning hardware for that 
mission, but the intermediate stage is to recover these vehicles and one 
of the objectives of the Discoverer program is to find out how, and 
we think it is a forthright job; it is going to take a little doing to re- 
cover a satellite, when we'want it and at the point we want to re- 
cover it, and then we will repair it and send it up again. 

Now, this is possible. We will be doing that this year. As a matter 
of fact, we will be doing it next month, I hope. 

Mr. Sisk. That, of course, is the immediate program. This other 
is long range, speaking about the space stations and that sort of thing, 

Mr. Jounson. To i this I think you have to have at least this 
50,000-pound satellite in orbit with the space and the arrangements so 
that a vehicle can go up there and attach itself to it and a man ean 
move into an enclosure and do the job. I think perhaps this is com- 
ing when we have the 50,000-pound satellite up there or larger. 

The Cuarrman. And you say that will be this year? 

Mr. Jonson. No, no. What I said as to this year was that we will 
have the techniques worked out and will be actually recovering satel- 
lites; in other words, on command they will reenter the earth’s at- 
mosphere. We will recover them and then we can take the ma- 
terial out that we want to or repair it and send it back up again. 
We will have that capability this year. 

The Cuarrman. Are there any further questions ? 

Mr. Chenoweth. 

Mr. CuenowetuH. Well, isn’t our problem here, Mr. Johnson, to put 
first things first in this situation which you are talking about? 

We are confronted with a grave military emergency and possible 
threat and isn’t that what you are trying to do, as I get it, from your 
statement ? 

Mr. Jounson. Yes, sir. We are concentrating entirely on the use 
of this new environment for military missions that might be used 
against us and therefore have a defense posture to defend ourselves 
in this new environment in that eventuality. 

Everything we are doing in this area is to accomplish this. Then 
we are also wanting to use this environment to make better military 
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systems such as communications, such as navigation, such as early 
warning. 

This isa natural extension of science in a new area. 

Mr. Cuenowetu. You are nding $15 million now just on re- 
search programs for solid propellants; is that right ? 

Mr. Jounson. That is right. 

Mr. CuENowEetu. How much are you spending for other research 

rams ¢ 

. r. Jounson. We are spending approximately $80 million on de- 
fense against ballistic missiles of any kind and all kinds, including 
the things I testified to before, including death rays. 

Mr. CuenowetHu. That is research, $80 million, in addition to this 15. 

Mr. Jounson. That would be basic research ; yes. 

Mr. CuenowrrH. What would be the total overall ? 

Mr. Jounson. Overall in fiscal year 1959 I would classify $140 to 
$150 million as being research. 

Mr. Cuenoweru. That isthis fiscal year. 

Mr. Jounson. That is right. 

Mr. Cuenoweru. The Air Force and Army and NASA are spend- 
ing in addition to that ? 

Mr. Jounson. Yes. 

Mr. CHENowetH. How much would they be spending ? 

Mr. Jounson. It depends on how you define research, but I think 
the number that has been used is about $3 billion. 

Mr. Cuenowetu. Do you know of any agency, military or civilian, 
that is lacking for funds now to go ahead with the necessary research 


programs 

Mr. Jounson. I think that the research effort within the Depart- 
ment of Defense is at a very high level. I think that it couldn’t be 
pushed very much more without a great deal of waste. 

Mr. Cuenowern. You can’t accelerate it just by appropriatin 
more money. It has to be done wisely and by some coordinat 
program. 

r. Jounson. It is my feeling, however, that as time goes on we 
eould stop making more outmoded hardware and spend more of that 
hardware money in research. 

I think that the desire to go into production with all our new ideas 
too quickly may be costing us a little more than is necessary. 

Has your experience proven that to be the case 
a y! 

Mr. Jonnson. Yes; I do believe that in the kind of economy we 
are in now, in the kind of cold war we are in, we should attempt to, 
within the framework of our present budget, point more in research 
and development and less in actual hardware production. 

Mr. Cuenowetu. Well, you have seen cases now where you have 
developed something which is already obsolete. 

Mr. Jounson. That is correct. 

Mr. Cnenowetn. You could have better used that money for further 
research and development. 

Mr. Jounson. That is right. 

Mr. Cuenowern. That is the problem that you face. 

Mr. Jounson. Thank you. 

Mr. Cuenowern. Thank you very much. 
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The Cuarrman. Would the gentleman yield ? 

Mr. Cuenowetu. I am finished. 

The Cuarrman. On that point, I saw an article too in the press 
sometime back that the Pentagon had some $10 billion of accumulated 
hardware that is outmoded that is going to be offered for sale this year, 
Is some of that of the character that you refer to? 

Mr. Jounson. Yes, sir. 

The Cuarrman. I will agree with you there. It should be curtailed 
and disposed of. 

Mr. Fulton. 

Mr. Furtron. On the question of the satellite being in orbit, when 
the comment was made as to the first 9 minutes after launch and the 
receipt of telemetry signals, it was not stated whether those signals 
were continuous. 

Mr. Jounson. Yes; it was a complete record for 9 minutes. 

Mr. Furron. Now, on the difference between that particular time 
and going up to March 4, was there a conspicuous blank and then a 
pickup in signals or were they fairly well distributed through that 
time interval ? 

Mr. Jounson. They were sporadic, but then we did get 41 contacts 
during that time. 

Mr. Furron. Well distributed. 

Mr. Jounson. Yes. 

or, Fseon. They just didn’t cease for a period and then pick up 
again ? 

‘Mr. Jonnson. Yes; they were sporadic. 

Mr. Fcrron. So they had enough distribution that you could pretty 
well say that the vehicle was then in one of your calculated orbits or 
one of your orbits that would be of great probability, that it had not 
gone and come into orbit again or done something else; is that 
right 

Mr. Jounson. It confirmed the first 9 minutes. 

Mr. Futron. Could I have Mr. Godel answer that also? 

Mr. That iscorrect. It confirmed the first 9 minutes. 

Mr. Furron. Then on the total life of this particular satellite, as 
compared to the calculated time, I guess in 5 days it would probably 
go around the world 100 times and it would then have set a path of 
orbit that it would be repeating; is that not right ? 

Mr. Gopet. Yes, sir. 

Mr. Fuuton. So that then when you picked up the signals at these 
intervals thereafter, was it conforming to the orbital path that you 
had first calculated ? 

Mr. Gove. Remarkably close, sir. The maximum errors com- 
puted out were 2 minutes as to time, which is feasible and only once on 
those, and within as little as a half degree of orbit that these sporadic 
reports confirmed the plotted trajectory. 

Mr. Fuuron. Had the perigee lowered perceptibly or was it pretty 
much at approximately the same point ? 

Mr. Gopeu. This is difficult to answer, Mr. Fulton, since obviously 
the perigee had degraded, if the thing is not there now. The data are 
not such as to permit a precise answer to your question. 

Mr. Fuuron. So that if you were going to say the cause of the 
vehicle transferring from Kepler’s laws to Newton’s laws, you would 
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not be able to say that there was any impelling cause that would 
force it to have either disappeared into our atmosphere or gone off 
someplace else. 

Mr. Gopet. Well, with a perigep of 112 miles, it would go down 
rather rapidly, and this is a fairly straightforward computation, but 
one would have to have more continuous coverage to answer your 
question in the affirmative. 

Mr. Fouiron. The point I am really making is, you have no scientific 
factual data to support your conclusion that it did end and go down 
because oF the perigee depressing further, because you had no informa- 
tion on it? 

Mr. Govex. No, sir; we cannot define any information from say 
roughly 7 days to the present time, 10 days. 

Mr. Futon. But in the order of logical sequence of events, when 
it began to get into the gravitational field and that would take over 
from Kepler’s second law, then you would say probably it burned out. 

Mr. Govet. Yes, sir; and I might add one further thing. We do 
have in operation the so-called silent satellite fence. This fence is at 
a very beginning state of R. & D. At the same time, and in order to 
insure that the most high] sae phases of this network had an 
opportunity to see the vehicle if it was in orbit, by the time it had 
precessed across the United States to permit that, it did not see it, 
which tends to confirm our conclusion that it was down. 

The CuarrMan. It might be getting off on a tangent. 

Mr. Gopet. It would have been difficult for it to happen. It would 
have been almost impossible for it to happen. 

Mr. Futton. The question comes up me you speak of tumbling as 
against revolving. You had antenna on this particular satellite? 

Mr. Gove. Yes. 

Mr. Furron. And you had the apertures for the experiments you 
wanted in the hull of this vehicle? 

Mr. Gove. This particular vehicle, no, sir; except for the horizon 
scanner which was intended for stabilization. 

Mr. Furron. Well, then, there would always be antenna e 
as distinguished from an aperture if you were on the tip of just a 
globe, I could see that there would be a reason for not receiving the 
signals, but what would you say was the cause, was it the failure of 
the telemetry equipment on the communications from the satellite 
going off and on; that doesn’t sound very possible to me either. 

Physically, it is impossible to say that is the tumbling action 
that caused it not to be received, so I would disagree with you 
thoroughly. 

Mr. Gopet. May I perhaps explain, sir? As we previously an- 
nounced, in later versions of this vehicle an attempt will be made to 
recover them. For such recovery experiments we need to have a 
very precise radio signal, that is to say, a highly directional radio 
signal more or less looking up the barrel from the recovery station 
to the point of the vehicle. 

For this reason we placed a very highly directional antenna on 
the vehicle. This transmits an electrical signal on the frequency 
selected only across a very narrow beam. If then the vehicle is 
stabilized, it will be constantly pointing down. If the vehicle is 
not stabilized, it will be a great portion of its time pointing straight 
up Into space and we won’t hear it. 
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Mr. Funton. Then why did you send the vehicle up when you 
probably felt that the stabilizing equipment wouldn’t work ? 

Mr. Govern. This is an R. & D. program, and we are eternal op- 
timists. 

Mr. Furron. What kind of stabilizing experiments had you done? 
To me it would sound pretty easy to stabilize it. Stabilizing is one 
of the easiest things to do. 

Mr. Gone. That is not correct. 

Mr. Jounson. Mr. Congressman, nobody has done it yet, including 
the Russians. 

Mr. Sisk. Will the gentleman yield there? 

I wanted to say in answer to my question a while ago there hasn’t 
been a case of one ever being stabilized, and they have been work. 
ing on it so that apparently was one of the big problems. That was 
the point of my question. 

Mr. Furron. Well, I know some people working on stabilizing 
equipment and I didn’t want them blamed for it. 

Mr. Gopvet. We don’t blame anybody. 

Mr. Fuuron. * * * 

Mr. CueNowertuH. * * 

Mr. Fuuton. * * * 

Mr. CuEenowetu. * * * 

Mr. Futron. * * * Now,may I finish with this? 

Actually I got to thinking on the Scout solid propellant booster, 
you people lost that in ARPA; didn’t you? It went over to NASA, 
Are you doing that or is NASA doing that? 

Mr. Jounson. No; this has always been a NASA project. 

Mr. Fuuton. Then I will have to ask NASA for that contract of 
March 19, for the booster rockets, the first-stage Scout solid propel- 
lant rocket, and the thing I wondered about is the shipping contract 
being controlled. I want to hear about that. That is all. Thank 
you. I think you are both doing a good job. 

The Cuarrman. Mr. Johnson, I think that is about all of the 
questions; I want to ask you this though: You do keep your projects, 

our R. & D. projects, entirely separate from any other defense 

usiness ¢ 

Mr. Jounson. ARPA is only in R. & D. work. 

The Cuarrman. The reason I ask is this committee, of course, is 
set up for science and astronautics and specifically under one para- 
graph of the jurisdiction of the committee we have R. & D., that 
is research and development, and I think it is under the NASA Act, 
too. We pretty well cover all of the work of research and develop- 
ment, and we are going to ask you as a committee to keep us informed 
on your R. & D. projects there in the future. 

f course, this year we got started late as a new committee and we 
were not aden | to say whether we should have jurisdiction of the 
legislation covering it. 

In the future that undoubtedly will be the situation. This com- 
mitte will have jurisdiction of R. & D. 

Mr. Fuuron. May I agree with the chairman on the record on that 
point and further add that under subparagraph (f) of House Resolu- 
tion 580 last year, that this committee is given specific jurisdiction of 
the control of outer space so that on anything to do with the control or 


* 


SPACE PROPULSION 307 


the power to control by military vehicles or for peacetime purposes, 
that is right here in this committee’s jurisdiction where it rests. 

The Cuarrman. So at any rate I don’t think we are going to have 
any trouble with Mr. Johnson there. He is very cooperative and he 
has been with this committee, and I think he and his organization are 
doing an excellent job and it is a pleasure to work with him, 

Mr. Jounson. Thank you. 

The Cuarrman. Now, Mr. Moeller, you have a question. 

Mr. Mortter. Yes. Mr. Johnson, we Sen you are in research and 
possibly you wouldn’t want to comment on this, but since we are in 
closed session I would like to comment on a paragraph taken from 
Aviation Week, February 23 issue, written by a Robert Hotz. It is 
a rather blistering attack because of the missile gap. This is what 
he says: 

In the face of these officially admitted and well-documented facts, it is difficult 
to comprehend why the only ICBM production line now operating in this country 
is operated at hardly more than 40 percent of its current tooling and plant 
capacity. We have listened to all of the arguments against increasing Atlas 
production to its current capability to make the only attempt now feasible to 
cut the Soviet missile superiority to a less dangerous margin in the next 8 to 5 
years. None of them really holds water in the face of these facts. 

Now, is this true or is this fellow just writing something out of 
his hat ? 

Mr. JormNnson. 

Mr. 

Mr. JOHNSON. 

Mr. Moeyer. 

Mr. JOHNSON. 

Mr. 

Mr. JoHNSON. 

Mr. * 

Mr. JoHnson. * 

Mr. Moeter. * 

Mr. JoHnson. * 

Mr. Sisk. Mr. Chairman, off the record. 

(Discussion off the record.) 

The Cuarrman. Thank you very much, Mr. Johnson, for you 
gentlemen coming here. 

The meeting will adjourn. 

(Whereupon, at 1 p.m., the committee was adjourned.) 
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